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ABSTRACT 
A group of nine investigators at the University of Mich- 
igan Biological Station conducted a study integrating research 
on on-site wastewater disposal with an environmental management 
program. The objectives of the study were to: 
1. assess the ability of several groundwater sampling 
techniques to monitor on-site wastewater disposal 
systems. 
2. identify soil factors and septic system characteristics 
that influence nutrient loading to the groundwater. 
3. educate lakeshore communities on lake protection and 
management. 
The physical and chemical limitation of porous ceramic cup 
(PCC) lysimeters, sand point wells, silicon carbide lysimeters, 
and polyvinyl chloride (PVC) membrane lysimeters were assessed 
on four test plots from a range of soil texture and moisture 
conditions. Problems with the assembly and installation of 
silicon carbide and PVC membrane lysimeters rendered them un- 
suitable for field use. Sand point wells functioned in a 
severely restricted range of texture and moisture conditions. 
PCC lysimeters demonstrated substantial variablity among samples 
in several water quality tests, but were the best available 
method for monitoring groundwater in the subsequent septic 
system study. 
Quality of groundwater adjacent to nine lakeside septic 
systems was monitored. Concentrations of ammonia, nitrate, 
phosphorus, and chloride were measured from groundwater samples 
collected from an array of PCC lysimeters between the septic 
system drainfield and the lake shore. Excessive nitrogen 
(greater than 10 mg/l Tot-N) and phosphorus (greater than 1 mg/ 
1 TDP) levels were detected at two sites. At a third site, high 
nitrogen concentrations but no phosphorus loading were found. 
Results indicate that septic systems built in undistrubed 
soils affected groundwater less than those systems constructed 
in fill materials. Application of large effluent loads 
(greater than 600 gpd) resulted in measurable deterioration of 
groundwater quality. 
Presentations and workshops on wastewater management, 
septic system monitoring, and wetland ecology were given to lake 
associations, county conmissioners and public health officials. 
Innovative programs for septic system maintenance and water 
quality monitoring were implemented. 
I n t r o d u c t i o n  
About 1 0 , 0 0 0  y e a r s  a g o ,  t h e  Wiscons in  G l a c i e r s  l e f t  n o r t h e r n  
lower  Mich igan  w i t h  a  w e a l t h  o f  i n l a n d  l a k e s  and s t r e a m s .  The 
w a t e r  r e s o u r c e s  o f  t h e  a r e a  have  made i t  a  p o p u l a r  v a c a t i o n  l a n d  
f o r  much o f  t h e  l a s t  c e n t u r y .  Dur ing  t h e  p a s t  d e c a d e ,  t h e  a p p e a l  
which h i s t o r i c a l l y  a t t r a c t e d  t o u r i s t s  h a s  now begun t o  s t i m u l a t e  a  
d r a m a t i c  m i g r a t i o n  o f  summer and y e a r - r o u n d  r e s i d e n t s  t o  t h e  a r e a  
f rom t h e  h e a v i l y  p o p u l a t e d  s o u t h e r n  p a r t  o f  t h e  s t a t e .  The 
p o p u l a t i o n  i n c r e a s e  d u r i n g  t h e  1970-1974 p e r i o d  i n  t h e  n o r t h e r n  
c o u n t i e s  a v e r a g e d  2 4  p e r c e n t ,  ( s k e  F i g , l ) ,  and much o f  t h a t  growth 
. . 
o c c u r r e d  a round  t h e  i n l a n d  l a k e s  and r i v e r s  (Marans 1 9 7 7 ) .  
What impac t  w i l l  i n c r e a s i n g  numbers o f  p e o p l e  have  on t h e  q u a l i t y  
o f  t h e  i n l a n d  l a k e s ?  Water p o l l u t i o n ,  r e s u l t i n g  f rom r a p i d  and 
unp l anned  s h o r e l i n e  deve lopmen t ,  t h r e a t e n s  t h e  same e n v i r o n m e n t a l  
f e a t u r e s  t h a t  make n o r t h e r n  lower  Michigan s o  a t t r a c t i v e  t o d a y .  
I f ,  however ,  deve lopment  i s  d i r e c t e d  t h r o u g h  sound l a n d  u s e  p l a n n i n g ,  
t h e  i m p a c t s  o f  g rowth  on t h e  n a t u r a l  f e a t u r e s  o f  t h e  a r e a  c a n  b e  
min imized .  
Water  p o l l u t i o n  i n  n o r t h e r n  l ower  Michigan i s  c a u s e d  p r i m a r i l y  
by n u t r i e n t  en r i chmen t  (Gold and Nagel 1978 ,  R icha rdson  1 9 7 8 ) .  
N u t r i e n t s  ( n i t r o g e n  and phosphorus )  a c t  a s  f e r t i l i z e r  f o r  a l g a e  and 
o t h e r  a q u a t i c  p l a n t s .  With p r o p e r  l a n d  u s e  p l a n n i n g ,  t h e  amount o f  
n u t r i e n t s  coming i n t o  t h e  l a k e s  and s t r e a m s  c a n  be  min imized ;  
w a t e r  q u a l i t y  c a n  t h e r e b y  b e  m a i n t a i n e d  a t  a  h i g h  l e v e l .  
i i i  
Septic tanks in shoreline areas are a potentially significant 
contributor of nutrients to a lake (Ellis and Childs 1973). A 
review of several domestic wastewater studies concluded that 45 m g / ~  
Total-N and 25 mg/R Total-P are estimates of "typical" nutrient 
concentrations in septic tank effluent (Dudley and Stephenson 1973). 
All of the homes surrounding the study area, Burt Lake, and 72% of 
the households in the region are currently served by septic systems 
(NEMCOG, 1978). These on-site systems depend on the soil to absorb 
and treat septic system effluent. A properly performing septic 
system should be able to adequately protect nearby surface waters 
. . 
from nutrient contamination. 
When a septic system fails to absorb effluent, ponding of 
untreated water on the soil surface creates an obvious nuisance 
and public health hazard. A septic tank that absorbs effluent 
quite well but fails to treat it adequately is more difficult to 
detect; polluted groundwater flows from the system to the lake 
unnoticed. Identifying this type of failing system requires sampling 
and analyses of shallow groundwater beneath and surrounding the 
disposal field. Health departments and other agencies responsible 
for wastewater disposal have expressed great interest in monitoring 
the effects of septic systems on groundwater quality in this way. 
Several methods of obtaining groundwater for nutrient analysis 
are available to health departments interested in monitoring 
septic systems; one objective of this study was to assess the 
strengths and limitations of several of these methods. A second 
objective of this study was to investigate relationships between 
the nutrient removal performance of septic systems and soil properties, 
septic system design, and wastewater loading. A better understanding 
of these relationships based on quantitative data will assist in 
water quality protection planning efforts in the future. 
Water quality preservation efforts in northern lower Michigan 
must receive public support if they are to be successful. A third 
objective of this study was therefore to set up a comprehensive 
environmental communications program coordinated with the Clean 
Water Management Planning Agencies of the region to improve the 
"water quality awareness" of those who live on or use the lakes. 

L i t e r a t u r e  Review 
A s  t h e  p o p u l a t i o n  s h i f t s  f rom u r b a n  c e n t e r s  t o  r u r a l  a r e a s ,  
p r e s s u r e s  mount on r u r a l  e n v i r o n m e n t s .  I n  o r d e r  t o  manage and 
p r o t e c t  t h e  r e s o u r c e s  o f  t h e s e  a r e a s ,  we must u n d e r s t a n d  t h e  
p h y s i c a l ,  c h e m i c a l  and b i o l o g i c a l  p r o c e s s e s  and t h e  s e n s i t i v i t i e s  
o f  ecosys tems  s u p p o r t i n g  i n c r e a s i n g  p o p u l a t i o n s .  I n  r a p i d l y  growing 
r u r a l  a r e a s  t h a t  r e l y  on t h e  s o i l  t o  t r e a t  w a s t e s ,  t h e  p o t e n t i a l  
f o r  c o n t a m i n a t i o n  of  w a t e r  r e s o u r c e s  h a s  s t i m u l a t e d  r e s e a r c h  
d e s i g n e d  t o  d e t e r m i n e  t h e  t r e a t m e n t  pe r fo rmance  o f  o n - s i t e  w a s t e -  
w a t e r  d i s p o s a l  s y s t e m s .  
Al though  new methods o f  w a s t e  d i s p o s a l  f o r  u s e  i n  unsewered a r e a s  
have become a v a i l a b l e  i n  r e c e n t  y e a r s  ( a e r o b i c  and c h e m i c a l  t o i l e t s ,  
g r e y  w a t e r  r e c y c l i n g  s y s t e m s ,  e t c . ) ,  s o i l  a b s o r p t i o n  compr i s ed  o f  
a  s e p t i c  t a n k  and d r a i n f i e l d  r e m a i n s . t h e  dominant  method o f  w a s t e  
t r e a t m e n t .  The per formance  o f  t h e s e  sy s t ems  h a s  t r a d i t i o n a l l y  been  
judged on t h e  f o l l o w i n g  c r i t e r i a :  I s  t h e  r a t e  o f  i n f i l t r a t i o n  i n t o  
t h e  s o i l  s u f f i c i e n t  t o  p r e v e n t  s u r f a c i n g  o f  e f f l u e n t ?  I s  t h e  s o i l  
e f f e c t i v e l y  removing f e c a l  i n d i c a t o r s  and pa thogens  f rom t h e  e f f l u e n t  
b e f o r e  i t  r e a c h e s  t h e  g roundwate r?  The c o n c e p t  of  t r e a t m e n t  h a s  
b roadened  because  o f  t h e  growing c o n c e r n  ove r  t h e  p o t e n t i a l  f o r  
a c c e l e r a t e d  e u t r o p h i c a t i o n  o f  l a k e s  and r i v e r s  c a u s e d  by n u t r i e n t  
en r i chmen t  from s e p t i c  s e e p a g e .  The h i g h  c o n c e n t r a t i o n  l e v e l s  o f  
n i t r o g e n  and phosphorus  i n  w a s t e w a t e r  must be r educed  b e f o r e  
p e r c o l a t i n g  e f f l u e n t  r e e n t e r s  t h e  w a t e r  c y c l e .  These  n u t r i e n t s  ( most 
commonly phosphorus )  a r e  l i m i t i n g  f a c t o r s  f o r  a l g a l  growth i n  l a k e s ,  
and a d d i t i o n a l  i n p u t s  f rom s e p t i c  sy s t ems  must b e  checked  i f  
d e t e r i o r a t i o n  o f  w a t e r  q u a l i t y  i s  t o  b e  a v o i d e d .  
Nitrogen and Phosphorus in Soils: 
N i t r o g e n  and phosphorus  o c c u r  i n  t h e  s o i l  env i ronment  i n  a  v a r i e t y  
of o r g a n i c  and i n o r g a n i c  compounds. The more complex o f  t h e s e  compounds 
a r e  g e n e r a l l y  q u i t e  i n s o l u b l e  and a r e  l a r g e l y  u n a v a i l a b l e  f o r  p l a n t  
u p t a k e .  S imp le r  compounds a r e  more r e a d i l y  u s e d ,  and a r e  a c t i v e  a g e n t s  
i n  n u t r i e n t  c y c l i n g  ( Brady ,  1 9 7 4 ) .  
The amount o f  n i t r o g e n  i n  s o i l s  o f  humid r e g i o n s  t y p i c a l l y  r a n g e  
f rom 0.02 t o  0 .05% by w e i g h t  ( Brady ,  1 9 7 4 ) .  Sou rce s  of  n i t r o g e n  
i n c l u d e  p l a n t  r e s i d u e s  and a n i m a l  w a s t e s ,  p r e c i p i t a t i o n ,  and f i x a t i o n  
o f  a t m o s p h e r i c  n i t r o g e n  by s p e c i a l i z e d  p l a n t s  and mic roo rgan i sms .  
The b u l k  o f  t h e  n i t r o g e n  i s  t i e d  up  i n  o r g a n i c  compounds and c a n n o t  
b e  t a k e n  up by p l a n t s .  Phosphorus  i s  s u p p l i e d  t o  t h e  s o i l  from o r g a n i c  
m a t e r i a l s  and i n o r g a n i c  s o u r c e s  t h r o u g h  t h e  w e a t h e r i n g  o f  phospho rus -  
b e a r i n g  m i n e r a l s ,  s u c h  a s  a p a t i t e .  
N i t r o g e n  e x i s t s  i n  t h e  s o i l  i n  t h r e e  fo rms :  
1. Organic -N i n  s o i l  humus. 
2 .  C l a y - f i x e d  nonexchangeab le  ammonium i o n  ( NHq). 
3 .  S o l u b l e  ammonia and n i t r a t e  ( NO3) compounds ( Brady ,  1 9 7 4 ) .  
Through t h e  b i o c h e m i c a l  p r o c e s s  o f  m i n e r a l i z a t i o n ,  o r g a n i c - N  i s  
t r a n s f o r m e d  i n t o  ammonium s a l t s .  Ammonium w i l l  e i t h e r  be  u sed  by 
v e g e t a t i o n ,  f i x e d  i n t o  t h e  l a t t i c e  s t r u c t u r e  o f  c l a y s ,  o r  be  t r a n s -  
formed t o  n i t r a t e  compounds by a  p r o c e s s  c a l l e d  n i t r i f i c a t i o n .  The 
r e a c t i o n s  and r e s p o n s i b l e  a g e n t s  a r e  o u t l i n e d  be low:  
where s t e p  1 o c c u r s  v i a  n o n - s p e c i a l i z e d  o r g a n i s m s ,  s t e p  2 
v i a  n i t r o s o m o n a s ,  and s t e p  3 v i a  n i t r o b a c t e r .  S t e p  1 i s  
termed m i n e r a l i z a t i o n ,  and s t e p s  2 and 3 a r e  t e rmed  
n i t r i f i c a t i o n  ( B l a c k ,  1 9 5 7 ) .  
N i t r i f i c a t i o n  o c c u r s  t o  a  more comple t e  d e g r e e  i f  a e r o b i c  c o n d i t i o n s  
e x i s t  i n  t h e  s o i l .  N i t r a t e  compounds a r e  h i g h l y  s o l u b l e  and move 
e a s i l y  t h r o u g h  t h e  s o i l .  In a  r e d u c i n g  env i ronmen t ,  n i t r a t e s  may 
be  t r a n s f o r m e d  t o  gaseous  n i t r o g e n  t h r o u g h  t h e  p r o c e s s  o f  d e -  
n i t r i f i c a t i o n .  
The amount o f  phosphorus  i n  humid r e g i o n  s o i l s  t y p i c a l l y  r a n g e  
f rom 0 . 0 1  t o  0 .20% by w e i g h t .  As s t a t e d ,  phosphorus  i s  s u p p l i e d  
t o  t h e  s o i l  from b o t h  o r g a n i c  and i n o r g a n i c  s o u r c e s .  The i o n i c  
c h a r a c t e r  o f  phosphorus  ( a s  o r t h o - p h o s p h a t e )  i s  d e t e r m i n e d  by t h e  
pH o f  t h e  s o i l  s o l u t i o n .  
H PO HPO 
2 4 4 
s t r o n g l y  m i l d l y  a l k a l i n e  
a c i d i c  a c  i d  i c  
Al though t h e  H2P04 i s  r e a d i l y  a v a i l a b l e  f o r  p l a n t  u p t a k e ,  i t  v i g o r -  
o u s l y  complexes  w i t h  o t h e r  s o i l  i o n s  and m i n e r a l s  t h a t  r e n d e r  it 
u n u s a b l e  ( Brady,  1 9 7 4 ) .  I n  a c i d i c  c o n d i t i o n s ,  t h e  p h o s p h a t e  i o n  
combines w i t h  Fe and A 1  c a t i o n s  a n d / o r  p a r t i c i p a t e s  i n  a n  a n i o n  
exchange w i t h  Fe and A 1  h y d r o u s - o x i d e s  ( g i b b s i t e ,  g o e t h i t e ,  boehmi t e )  
t o  form i n s o l u b l e  hyd roxy -phospha t e s  ( Brady ,  1 9 7 4 ) .  Under m i l d l y  
a c i d i c  c o n d i t i o n s ,  t h e  c o n c e n t r a t i o n  o f  Fe and A 1  i o n s  d r o p s ,  b u t  
phosphate ion readily reacts with silicate clays to form similar 
hydroxy-phosphates. 
In soils that have developed from limestone-bearing parent 
material, phosphate ions react with available Ca ions and with 
CaC03. As these calcium phosphates form, cohtinued reaction with 
Ca ions in solution results in the formation of increasingly in- 
soluble apatite minerals. 
Soils of different mineralogies and textures and with soil 
solutions over a range of pH values demonstrate a tremendous ability 
to absorb phosphorus. Only in coarse non-calcareous sands and in 
soils with high organic matter/mineral ratios would phosphorus 
movement be anticipated under natural field conditions (Craddock, 
1977; Dudley and Stephenson, 1973). Laboratory determined phosphorus 
absorption capacities of Michigan soils range from 231 lbs./per acre-3ft. 
(Dune Sand) to 2915 lbs./acre-3ft. (Warsaw Loam)(Ellis and Erickson, 
1969). In a phosphorus loading study on some Arizona soils (Lance, 
1977), phosphate absorption continued to be extremely effective after 
60,000 kg-P had been applied to an hectare of calcareous sand over a 
seven year period. 
N u t r i e n t  Movement from S e p t i c  S y s t e m s  
A basic principle inherent in septic system treatment of waste- 
water is that a relatively small volume of soil receives tremendous 
quantity of water and waste to absorb and treat. Wastewater entering 
the soil from drainfields acts as a concentrated source of nutrient 
supply to the soil/soil-water system. Gannon and Paddock (1974) 
e s t i m a t e  t h a t  t h e  a v e r a g e  p e r  p e r s o n  c o n t r i b u t i o n  o f  N and P i n  
was t ewa te r  i s  5 . 4  kg-N and 0 .45  kg-P a n n u a l l y  ( P v a l u e  e x c l u d e s  
i n p u t  from phospha t e  d e t e r g e n t s  which add an  a d d i t i o n a l  1 k g / p e r s o n -  
y e a r ) .  These  n u t r i e n t s  e i t h e r  a ccumula t e  o v e r  t i m e  i n  t h e  s o i l  
s u r r o u n d i n g  t h e  d r a i n f i e l d  o r  t h e y  move away from t h e  d r a i n f i e l d  
t h r o u g h  t h e  s o i l  ( Hook e t  a l . ,  1 9 7 8 ) .  
A s  e f f l u e n t  l e a v e s  t h e  zone of  s a t u r a t i o n  a round  t h e  d r a i n f i e l d ,  
ammonia i s  c o n v e r t e d  t o  n i t r a t e  p r o v i d e d  t h a t  t h e  g roundwate r  l e v e l  
i s  s u f f i c i e n t l y  d e e p .  The s o i l  h a s  no c a p a c i t y  t o  a b s o r b  n i t r a t e ,  
so  t h e  s o l u b l e  a n i o n  w i l l  p e r c o l a t e  f r e e l y  t h r o u g h  t h e  s o i l  down t o  
t h e  w a t e r  t a b l e  i f  n o t  t a k e n  up by v e g e t a t i o n .  I f  n i t r a t e  moves i n t o  
a  new zone o f  s a t u r a t i o n  ( s u c h  a s  a  p e r c h e d  w a t e r  t a b l e )  b e f o r e  
r e a c h i n g  t h e  normal g roundwate r  l e v e l ,  d e n i t r i f i c a t i o n  may r e s u l t  
and n i t r o g e n  w i l l  b e  l o s t  t o  t h e  a tmosphere  ( M i l l e r ,  1 9 7 4 ) .  O t h e r -  
w i s e ,  n i t r a t e  moves f r e e l y  w i t h  t h e  f l o w p a t h  o f  t h e  g roundwa te r ,  and 
mechanisms f o r  l o w e r i n g  n i t r a t e  c o n c e n t r a t i o n  a r e  l i m i t e d  t o  d i s p e r s i o n  
and d i l u t i o n  i n  t h e  s u r r o u n d i n g  w a t e r s  ( Hook e t  a l . ,  1 9 7 8 ) .  
N i t r a t e  i s  t h e  most f r e q u e n t l y  obse rved  con t aminan t  moving f rom 
t h e  s e p t i c  sys tem i n t o  t h e  g roundwa te r .  S t u d i e s  have documented 
n i t r a t e  c o n c e n t r a t i o n  i n  e x c e s s  o f  d r i n k i n g  w a t e r  s t a n d a r d s  ( g r e a t e r  
t h a n  10 ppm NO3-N) i n  g roundwate r  a t  c o n s i d e r a b l e  d i s t a n c e s  f rom t h e  
s e p t i c  sys tem d r a i n f i e l d .  Polkowski  and Boyle (1970) found n i t r a t e  
c o n c e n t r a t i o n s  a s  h i g h  a s  2 1  ppm a t  I S  f e e t  from t h e  d r a i n f i e l d .  
C o n c e n t r a t i o n s  remained above 10  ppm NO3-N w i t h i n  100 f e e t  i n  some 
c a s e s .  E l l i s  and C h i l d s  (1973) f o l l o w e d  t h e  h o r i z o n t a l  and v e r t i c a l  
p a t h  o f  n i t r a t e  m i g r a t i o n  from d r a i n f i e l d s  a t  h o m e s i t e s  on Houghton 
Lake,  Mich igan .  On a  s e p t i c  sy s t em l o c a t e d  on a  w e l l - d r a i n e d  sandy  
s o i l  t h a t  had been  u sed  by a  f a m i l y  o f  s i x  f o r  1 5  y e a r s ,  n i t r a t e  
c o n c e n t r a t i o n s  o f  1 5 . 6  ppm and 8 . 0  ppm were  found a t  d i s t a n c e s  of  
100  f e e t  ( 1 0  f e e t  below t h e  w a t e r  t a b l e )  and  330 f e e t  ( 16  f e e t  
below t h e  w a t e r  t a b l e )  r e s p e c t i v e l y ,  from t h e  d r a i n f i e l d .  
A d s o r p t i o n  and p r e c i p i t a t i o n  r e a c t i o n s  between phosphorus  and 
s e v e r a l  s o i l  c o n s t i t u e n t s  g r e a t l y  r e s t r i c t  t h e  movement o f  P  from 
s o i l  a b s o r p t i o n  sy s t ems  ( J o n e s ,  Lee ,  1 9 7 7 ) .  S o i l  c h a r a c t e r i s t i c s  
t h a t  d e t e r m i n e  t h e  P - a d s o r p t i o n  c a p a c i t y  o f  s o i l s  i n c l u d e  t h e  p r e s e n c e  
o f  c l a y  m i n e r a l s ,  Fe and A 1  o x i d e s ,  a v a i l a b i l i t y  o f  a  c a l c i u m  s o u r c e ,  
and pH o f  t h e  s o i l  s o l u t i o n .  Models o f  p h o s p h a t e  r e t e n t i o n  have 
a l l o w e d  f o r  e s t i m a t e s  o f  f i e l d  P - a d s o r p t i o n  c a p a c i t i e s  f o r  s p e c i f i c  
s o i l s  ( Craddock,  1977 ;  Sawhney, 1977;  E l l i s  and E r i c k s o n ,  1 9 6 9 ) .  
Gannon and Paddock (1974) and E l l i s  and C h i l d s  (1973) assume 
t h a t  once  t h e  P - a d s o r p t i o n  c a p a c i t y  o f  t h e  s o i l  h a s  been  s a t u r a t e d ,  
phospho rus  w i l l  t r a v e l  t h r o u g h  t h e  s o i l  and i n t o  g roundwate r  and 
n e a r b y  s u r f a c e  w a t e r s .  I n  a  s u b s e q u e n t  s t u d y ,  however ,  C h i l d s  (1974) 
s t a t e s  t h a t  phospho rus  r e t e n t i o n  mechanisms c o n t i n u e  t o  o p e r a t e  a f t e r  
phospho rus  h a s  moved i n t o  t h e  s o i l  below t h e  w a t e r  t a b l e .  F u r t h e r  
t e s t s  ( Beek, 1977 ;  Sawhney, 1977 ;  Lance,  1977)  have  shown t h a t  l o n g -  
t e rm  r e t e n t i o n  o f  phosphorus  o f t e n  g r e a t l y  exceeds  c a l c u l a t e d  a d s o r p -  
t i o n  c a p a c i t i e s ,  and i n  some s o i l s  c a n  b e  c o n s i d e r e d  t o  be  a l m o s t  
l i m i t l e s s  unde r  normal  l o a d i n g  c o n d i t i o n s  ( Lance,  1 9 7 7 ) .  
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Bouma e t  a l .  (1972)  m o n i t o r e d  f i v e  s e p t i c  sy s t ems  i n  Wiscons in  o f  
d i f f e r e n t  a g e s  and i n  v a r y i n g  s o i l  t y p e s .  S i x  t o  1 7  w e l l s  p e r  s i t e  
were  p l a c e d  a d j a c e n t  t o  and a t  d i s t a n c e s  f rom t h e  d r a i n f i e l d  t o  t r a c e  
t h e  movement o f  n u t r i e n t s  and f e c a l  i n d i c a t o r s .  R e s u l t s  o f  t h e i r  
i n v e s t i g a t i o n s  l e d  t o  s e v e r a l  c o n c l u s i o n s  a b o u t  t h e  f a t e  o f  n i t r o g e n  
and phosphorus  e n t e r i n g  t h e  s o i l  from d r a i n f i e l d s :  
- C r u s t i n g  o c c u r s  on t h e  bo t tom o f  s eepage  beds  a f t e r  a  few 
y e a r s  o f  u s e  and i n h i b i t s  i n f i l t r a t i o n .  P rov ided  t h a t  t h e  g roundwate r  
l e v e l  i s  g r e a t e r  t h a n  3 f e e t  below t h e  d r a i n f i e l d ,  an  u n s a t u r a t e d  
zone i s  c r e a t e d ,  f o s t e r i n g  q u i t e  comple t e  n i t r i f i c a t i o n  o f  ammonia 
i n  t h e  e f f l u e n t  t o  n i t r a t e .  
- Phosphorus  was e f f e c t i v e l y  removed f rom e f f l u e n t  i n  e a c h  s y s t e m .  
Four o f  f i v e  sy s t ems  f a i l e d  t o  r e d u c e  n i t r o g e n  c o n c e n t r a t i o n s  t o  non-  
c o n t a m i n a t i n g  l e v e l s .  C o n c e n t r a t i o n s  o f  30 mg/l-NO3 were  found  a t  
d e p t h s  of  1 2  f e e t  i n  t h e  w a t e r  t a b l e  below t h e  d r a i n f i e l d  o f  one  
s y s  tem. 
Reneau (1977) mon i to r ed  n i t r o g e n  movement from a  s e p t i c  sy s t em 
i n  a  sandy loam w i t h  a  f l u c t u a t i n g  w a t e r  t a b l e .  Average r e d u c t i o n  
o f  NH4 w i t h  d i s t a n c e  was f rom 23 mg/ l  t o  4 mg/l a t  1 . 5 m  and 1 2 m ,  
r e s p e c t i v e l y .  N i t r a t e  c o n c e n t r a t i o n s  r o s e  f rom 0 .03  mg/ l  i n  t h e  
d r a i n f i e l d  t o  2 . 9 2  mg/ l  a t  a  d i s t a n c e  o f  3 .05  m .  Under s i m i l a r  
w a t e r  t a b l e  c o n d i d t i o n s ,  P r e u l  (1966) n o t e d  a  s i m i l a r  ammonia 
d e c r e a s e  (60ppm t o  4  ppm NH4-N) and n i t r a t e  i n c r e a s e  (0 t o  40 ppm) 
f rom t h e  d r a i n f i e l d  t o  a  t e s t  w e l l  6  m away. Dec rea se s  o f  t o t a l - N  
can  be  a t t r i b u t e d  t o  t h e  f i x a t i o n  o f  NH4 on s o i l  p a r t i c l e s  ( h i g h  
NH4 c o n c e n t r a t i o n s  were  found i n  t h e  f i n e  f r a c t i o n  o f  t h e  s o i l )  and 
t o  d e n i t r i f i c a t i o n  a s  t h e  s o i l  s o l u t i o n  moved f rom a e r o b i c  t o  a n a e r o b i c  
zones .  
Phosphorus  l o a d i n g  s t u d i e s  by Lance (1977) and Sawhney (1977) 
e s t a b l i s h e d  f i r m  e v i d e n c e  t h a t  a  s o i l ' s  a b i l i t y  t o  r e t a i n  phosphorus  
exceeds  c a l c u l a t e d  a d s o r p t i o n  c a p a c i t i e s .  Lance s u g g e s t s  t h a t  t h e r e  
i s  a  s t r o n g  c o r r e l a t i o n  between l o a d i n g  r a t e  and P  removal  e f f i c i e n c y .  
A f t e r  an  i n i t i a l  p e r i o d  i n  which  phosphorus  a d s o r p t i o n  i s  i ndependen t  
o f  l o a d i n g  r a t e  and r e t e n t i o n  t i m e ,  s l ower  a b s o r p t i o n  and p r e c i p i t a t i o n  
r e a c t i o n s  t h a t  c o n t i n u e  t o  p u l l  phosphorus  o u t  o f  s o l u t i o n  a r e  t i m e -  
d e p e n d e n t .  For  a  200 day  p e r i o d ,  P- removal  was 90-95% e f f e c t i v e  
r e g a r d l e s s  o f  t h e  r a t e  o f  phospho rus  l o a d i n g .  P - a d s o r p t i o n  w i t h  
c o n t i n u e d  l o a d i n g  dropped  f rom 73% t o  58% a s  t h e  i n f i l t r a t i o n  r a t e  
i n c r e a s e d  f rom 1 8 . 2  t o  22.3  cm/day.  The phosphorus  c o n c e n t r a t i o n  
c o u l d  b e  r a i s e d  o r  lowered  by  s p e e d i n g  o r  s l owing  t h e  i n f i l t r a t i o n  
r a t e .  
Ev idence  o f  t h e  r e g e n e r a t i o n  o f  P - a d s o r p t i o n  s i t e s  when t h e  s o i l  
columns were  a l l owed  t o  d r y  was i n d i c a t e d  by c o n c e n t r a t i o n  minimums 
t h a t  o c c u r r e d  a f t e r  t h e  i n i t i a t i o n  o f  l o a d i n g  a f t e r  columns were  
a l l o w e d  t o  d r y  f i v e  d a y s  ( Lance,  1 9 7 7 ) .  In  a  s e r i e s  o f  l a b o r a t o r y  
t e s t s ,  100% o f  t h e  o r i g i n a l  P - a d s o r p t i o n  c a p a c i t y  o f  s i x t e e n  Michigan 
s o i l s  was r e c o v e r e d  t h r e e  months a f t e r  i n i t i a l  P - s a t u r a t i o n  ( E l l i s  
and E r i c k s o n ,  1 9 6 9 ) .  The r e g e n e r a t i o n  i s  t h o u g h t  t o  o c c u r  a s  new Ca 
i o n s  ( i n  a l k a l i n e  s o i l s )  o r  Fe and A 1  i o n s  ( i n  a c i d i c  s o i l s )  a r e  
r e l e a s e d  by w e a t h e r i n g  o f  p a r e n t  m a t e r i a l s .  Lance (1977) n o t e d  t h a t  
minimum c o n c e n t r a t i o n s  o f  phosphorus  i n  e f f l u e n t  c o i n c i d e d  w i t h  peak  
Ca c a t i o n  c o n c e n t r a t i o n s .  
Sawhney (1977) a l s o  conc luded  t h a t  P - a d s o r p t i o n  o c c u r s  i n  two 
s t a g e s .  I n i t i a l  r a p i d  a d s o r p t i o n  on m i n e r a l  s u r f a c e s  i s  f o l l o w e d  by 
slower uptake and precipitation as A1 and Fe phosphates. Adsorption 
capacities determined through short term loading experiments fail to 
account for the slower retention mechanisms, and therefore under- 
estimate the soils' ability to adsorb phosphorus. 
Loading columns of a fine sandy loam and a silt loam at rates of 
8.5 ml/hr and 5 ml/hr, respectively (2 x 1 0 - ~ ~ 1  P) , Sawhney (1977) 
noted that "phosphorus breakthrough" occurred at 300 hrs (fsl) and 
1000 hrs (sil), after which the P-concentration in column effluent 
increased with continued loading. Though effluent P-concentrations 
never equalled influent concentrations, Sawhney acknowledged the 
potential for shallow groundwater contamination after prolonged 
septic system use in soils with low P-adsorption capacities. 
From studies of phosphate movement through soils on a sewage 
farm after 50 years of sewage disposal, Beek et al. (1977) found 
that phosphate adsorption was still 96% effective. Accumulation 
of phosphorus in the soil was limited to the upper 75 cm of the soil 
profile, and predominantly in the upper 50 cm. Although a number of 
precipitation and adsorption reactions contributed to P-adsorption, 
chemical analysis of the soil revealed that Al-bonding reactions 
leading to the formation of Al-phosphates was the dominant retention 
mechanism. 
A four year study of migration of nutrients, ions (Cl-,~a+, caf2, 
M~") , and other water quality parameters from a septic system installed 
in a sandy Wisconsin soil asserted that phosphorus mirgration was so 
limited that it presented no threat to groundwater and surface water 
quality ( Jones and Lee, 1977). Concentrations of conservative chemical 
tracers in monitoring wells showed that effluent did reach the ground- 
water and move downgradient from the septic system, but at no time did 
phosphate concentrations in any of the samples collected from the 15 
sample stations rise significantly. Nitrate concentrations began to 
rise in some of the wells after one year, but the rise was inconsistent 
with respect to time. The investigators felt that increased aquatic 
growth from nitrogen contamination from septic systems might occur 
in nitrogen-limited lakes. 
Other studies have reached different conclusions about the movement 
of phosphorus from the drainfield to the groundwater. Dudley and 
Stephenson (1973) encountered significant levels of phosphorus (greater 
than 1 mg/l Tot-P) in groundwater at four of the eleven sites they 
sampled. Phosphorus concentrations as high as 12.2 mg/l Tot-P occurred 
fifteen feet from one disposal field. Phosphorus concentrations in 
groundwater above background levels extended over 100 feet at several 
septic system sites investigated by Ellis and Childs (1973). On a 
soil characterized by poor drainage and slow permeability, phosphorus 
concentrations of 11.6 ppm-P and 8.8 ppm-P occurred 75 feet and 120 
feet from the drainfield. The depth of maximum phosphorus concentration 
ranged from two to six feet. 
Four soils in Northern California used to treat spray effluent at 
a National Park were studied by Craddock (1977). Czlculating P- 
adsorption isotherms in four strata ( to a depth of 65 cm) in two of 
the spray field areas, Craddock estimated the time until P-saturation 
would occur to be 90 years and 380 years (for a soil 160 cm deep). 
The soils were moderately acidic, and contained significant amounts of 
Fe and A l - o x i d e s .  These  e s t i m a t e s  were  c o n s i d e r e d  t o  b e  c o n s e r v a t i v e  
because  o f  t h e  n a t u r e  o f  t h e  P - a d s o r p t i o n  t e s t s .  
N i t r a t e  l e v e l s  i n  r u n o f f  n e a r  one o f  t h e  i r r i g a t i o n  s i t e s  had 
r i s e n  by a  f a c t o r  o f  3 ove r  b a s e l i n e  v a l u e s ,  and i n d i c a t e d  t h a t  1 / 3  
o f  t h e  n i t r o g e n  added by t h e  s p r a y  e f f l u e n t  was r e a c h i n g  t h e  d r a i n a g e  
s t r e a m s .  
Craddock (1977) h i g h l i g h t e d  t h e  r o l e  t h a t  ammonium i o n  might  p l a y  
i n  P - a d s o r p t i o n  and p r e c i p i t a t i o n  r e a c t i o n s  by m a i n t a i n i n g  a c i d i c  
c o n d i t i o n s  i n  t h e  s o i l  a s  n i t r i f i c a t i o n  o c c u r r e d .  The s o i l s  a t  one 
s i t e  a r e  c o a r s e  and s h a l l o w ,  and have  l i t t l e  p o t e n t i a l  f o r  l o n g - t e r m  
n i t r o g e n  removal .  Deeper s o i l s  w i t h  g r e a t e r  s t o r a g e  c a p a c i t y ,  more 
v e g e t a t i o n ,  and an a r g i l l i c  h o r i z o n  ( c a p a b l e  o f  f i x i n g  N H ~ + )  r e l e a s e d  
n i t r a t e s  a t  a  much lower  l e v e l .  
The s t u d i e s  reve iwed  a r e  i n  g e n e r a l  agreement  w i t h  r e g a r d  t o  
r e t e n t i o n  and m o b i l i t y  p r e d i c t i o n s  o f  n u t r i e n t s  i n  s o i l s .  The 
i n v e s t i g a t o r s '  c o n c l u s i o n s  abou t  p o t e n t i a l  c o n t a m i n a t i o n  prob lems  
( n u t r i e n t  en r i chmen t )  f rom s e p t i c  s eepage  a r e  n o t  e n t i r e l y  c o n s i s t e n t .  
Leach ing  o f  n i t r a t e s  i n t o  g roundwate r  was r e c o g n i z e d  a s  a  p o l l u t i o n  
h a z a r d  i n  each  s t u d y .  The d e g r e e  t o  which n i t r o g e n  a d d i t i o n  t h r e a t e n s  
w a t e r  q u a l i t y  r a i s e s  a  q u e s t i o n  a b o u t  t h e  c o n d i t i o n s  u n d e r  which 
n i t r o g e n  i s  t h e  l i m i t i n g  n u t r i e n t  f o r  a q u a t i c  p l a n t  growth i n  l a k e s .  
When t h e  n i t r o g e n l p h o s p h o r u s  r a t i o  i s  l e s s  t h a n  7 : 1 ,  n i t r o g e n  may 
t h e n  be  t h e  l i m i t i n g  f a c t o r .  T y p i c a l l y ,  t h e  c o n c e n t r a t i o n  o f  n i t r o g e n  
i s  an  o r d e r  o f  magni tude  o r  more t h a n  t h e  c o n c e n t r a t i o n  o f  phosphorus  
( Wetze l ,  1 9 7 5 ) .  
Ev idence  o f  a  s o i l ' s  l o n g - t e r m  a b i l i t y  t o  remove phosphorus  u n d e r  
i n t e r m i t t e n t  l o a d i n g  c o n d i t i o n s  a n d / o r  r educed  l o a d i n g  r a t e s  ( Lance,  
1977 ;  Sawhney, 1977)  s u g g e s t  t h a t  t h e  u s e  o f  d u a l  d r a i n f i e l d s  and 
d o s i n g  pumps would f a c i l i t a t e  ex t ended  e f f e c t i v e  P - a d s o r p t i o n .  S e a s o n a l  
p o p u l a t i o n s  where  t h e  s e p t i c  sy s t em g e t s  " r e s t e d "  each  y e a r  s h o u l d  
i n c r e a s e  t h e  t i m e  t o  P - s a t u r a t i o n .  
E n g i n e e r i n g  and h y d r a u l i c  m o d i f i c a t i o n s  o f  d i s p o s a l  sy s t ems  can  
b e  d e s i g n e d  t o  maximize n u t r i e n t  r emova l .  I n t r o d u c t i o n  of  c a l c a r e o u s  
m a t e r i a l s  t o  b o o s t  p r e c i p i t a t i o n  o f  phosphorus  and c o n s t r u c t i o n  of  a  
c l a y  b a r r i e r  t o  a d s o r b  b o t h  p h o s p h a t e s  and ammonium and promote  
d e n i t r i f i c a t i o n  a r e  f e a s i b l e  measu re s  t h a t  d e s e r v e  a t t e n t i o n .  Mound 
i n s t a l l a t i o n s  u s i n g  t h e s e  m a t e r i a l s  migh t  p rove  t o  be  v e r y  e f f e c t i v e  
t r e a t m e n t  s y s t e m s .  Lega l  m e a s u r e s ,  such  a s  minimum s e t b a c k  r e q u i r e m e n t s  
and zon ing  o r d i n a n c e s  t h a t  l i m i t  o r  p r o h i b i t  d i s p o s a l  i n  s e n s i t i v e  
a r e a s  w i t h  p o o r l y  s u i t e d  s o i l s ,  c a n  b e  e f f e c t i v e  i f  p r o p e r l y  e n f o r c e d .  
Through a  g r e a t e r  u n d e r s t a n d i n g  of  t h e  s o i l ' s  a b i l i t y  t o  t r e a t  
w a s t e s ,  o n - s i t e  w a s t e w a t e r  d i s p o s a l  methods c a n  become i n c r e a s i n g l y  
more e f f e c t i v e .  I n n o v a t i o n s  i n  d e s i g n  and m a t e r i a l s  c a n  be  t a i l o r e d  
t o  meet e x p e c t e d  l o a d i n g  demands on a  p a r t i c u l a r  s o i l .  The n e x t  phase  
i n  r u r a l  w a s t e w a t e r  r e s e a r c h  s h o u l d  f o c u s  on a p p l y i n g  t h e  p r i n c i p l e s  
and p r o c e s s e s  t h a t  govern  n u t r i e n t  movement i n  s o i l s  towards  d e v e l o p i n g  
improved s o i l  a b s o r p t i o n  s y s t e m s .  
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No standard collection method has been proposed for groundwater 
quality research. Several collection instruments have been used in 
investigations into the effects of on-site wastewater disposal on 
groundwater, and concern over the reliability of collection methods 
has been expressed in some of these studies ( Hansen and Harris, 1975, 
Childs, 1974). 
Four groundwater sampling instruments were tested to assess their 
potential for use in septic system monitoring studies. These were: 
Galvanized steel, #60 mesh sandpoint wells 
Porous ceramic cup (PCC) tension lysimeters ( Parizek, Lane, 1970) 
PVC membrane filter tension lysimeters ( Appendix I) 
Silicon carbide tension lysimeter ( Post, 1976) 
The instruments were evaluated on the following criteria: 
- chemical variability in groundwater samples attributable to the 
collection method 
- range of soil texture and soil moisture conditions over which 
the collection method functions 
- cost 
- time and energy requirements for installation of the instrument 
and sample collection 
The performance of the instruments was tested on four soil plots 
and in the laboratory. Plots were selected to represent a range of 
conditions in soil texture, soil moisture and groundwater nutrient 
concentration. It was assumed that the plots approached internal 
homogeneity in their groundwater distribution and groundwater chemistry. 
T e s t  P l o t  D e s c r i p t i o n s  
S i t e  1 
Nine PCC's and 3 w e l l  p o i n t s  were p l a c e d  i n  a  1 2  m 2  p l o t  i n  an 
E a s t p o r t  sand ( sandy ,  mixed, f r i g i d  Spodic Udipsamment). PCC's were 
p l a c e d  a t  d e p t h s  o f  0 . 5  m and 1 . 0  m t o  compare c o l l e c t i o n  a b i l i t y  
under  s a t u r a t e d  and u n s a t u r a t e d  c o n d i t i o n s .  Wel lpo in t s  were d r i v e n  
t o  d e p t h s  of  1 . 5 - 2 . 0  m .  P e r m e a b i l i t y  of t h e  s o i l  i s  r a p i d  and wa te r  
h o l d i n g  c a p a c i t y  i s  low. 
S i t e  2 
Twelve PCC's and 3 w e l l p o i n t s  were p laced  i n  a  9 m 2  p l o t  a d j a c e n t  
t o  t h e  U n i v e r s i t y  of  Michigan B i o l o g i c a l  S t a t i o n  s e p t i c  system d r a i n -  
f i e l d .  Wastewater from 2 0 0  B i o l o g i c a l  S t a t i o n  summer r e s i d e n t s  i s  
absorbed  i n  t h e  f i e l d  a r e a  from June  through August.  PCC's were 
p l a c e d  a t  d e p t h s  of 6 0  cm and 1 m .  Well p o i n t s  were d r i v e n  t o  v a r i o u s  
d e p t h s  down t o  5 m .  The s o i l  i s  a  Rubicon sand ( sandy,  mixed, f r i g i d  
E n t i c  H a p l o r t h o d ) .  Though p e r m e a b i l i t y  i s  r a p i d  and w a t e r - h o l d i n g  
c a p a c i t y  i s  low, innunda t ion  from s e p t i c  t a n k  e f f l u e n t  keeps t h e  s o i l  
s a t u r a t e d  d u r i n g  t h e  summer months.  
S i t e  3  
S i x  PCC's, 3 w e l l p o i n t s ,  and 3 PVC membrane l y s i m e t e r s  were 
i n s t a l l e d  i n  a  1 2  m 2  p l o t  i n  a  Tawas muck ( sandy,  mixed, e u i c  T e r r i c  
B o r o s a p r i s t ) .  The s o i l  i s  c h a r a c t e r i z e d  by a  30  cm o r g a n i c  s u r f a c e  
h o r i z o n  o v e r  a  sandy s u b s o i l .  Groundwater i s  a t  t h e  s o i l  s u r f a c e  
th roughou t  most o f  t h e  summer. 
S i t e  4 
E i g h t  PCC's and two w e l l p o i n t s  were p l a c e d  i n  a  1 2  m Z  p l o t  i n  a  
1 5  
F i g u r e  2 :  L o c a t i o n  o f  T e s t  S i t e s  
N e s t e r  loam ( f i n e ,  mixed ,  Typic  E u t r o b o r a l f ) .  The s o i l  s e r i e s  i s  
c h a r a c t e r i z e d  by a  w e l l  deve loped  a r g i l l i c  h o r i z o n  from 20 t o  60  cm 
w i t h  80% c l a y  i n  t h e  B h o r i z o n .  The groundwate r  t a b l e  was 1 . 5  m deep  
i n  e a r l y  J u n e .  P e r m e a b i l i t y  o f  t h e  s o i l  i s  m o d e r a t e l y  s low and i t s  
w a t e r  h o l d i n g  c a p a c i t y  i s  h i g h  ( SCS, 19731 ,  
Field Methods 
Problems w i t h  t h e  a s sembly  and i n s t a l l a t i o n  o f  s i l i c o n  c a r b i d e  
l y s i m e t e r s  made them u n s u i t a b l e  f o r  f i e l d  u s e .  The PVC membrane 
l y s i m e t e r s  ( Appendix I )  was a l s o  e l i m i n a t e d  from f u r t h e r  s t u d y  b e c a u s e  
o f  r e p e a t e d  c l o g g i n g  p rob l ems .  As a  r e s u l t ,  a l l  g roundwate r  samples  
t e s t e d  i n  t h i s  s t u d y  were  o b t a i n e d  from PCC l y s i m e t e r s  and sand  p o i n t  
w e l l s .  
The l y s i m e t e r s  u sed  i n  t h e  s t u d y  were  c o n s t r u c t e d  o f  18 i n c h ,  1 . 5  
i n c h  I.D. PVC p i p e .  A t  one end was a t t a c h e d  a po rous  ce r amic  cup ( 1 urn 
p o r e  s i z e ) .  A t  t h e  o p p o s i t e  end was a t t a c h e d  a  # 1 0 ,  2 - h o l e  r u b b e r  
s t o p p e r .  T h r e e - s i x t e e n t h  i n c h  O.D. p o l y e t h y l e n e  t u b i n g  was i n s e r t e d  
t h r o u g h  t h e  h o l e s ,  One p i e c e  ex t ended  t o  t h e  bo t tom o f  t h e  l y s i m e t e r  
( i n s i d e  t h e  c e r a m i c  c u p ,  a l m o s t  t o u c h i n g  t h e  b o t t o m ) .  The o t h e r  p i e c e  
of  t u b i n g  ended j u s t  below t h e  r u b b e r  s t o p p e r .  Both p o l y e t h y l e n e  t u b e s  
e x t e n d e d  o u t s i d e  t h e  l y s i m e t e r  a  d i s t a n c e  s u f f i c i e n t  t o  r e a c h  t h e  
s u r f a c e  a f t e r  t h e  l y s i m e t e r  was i n s e r t e d  i n t o  t h e  g round .  To t h e  
o u t s i d e  ends  o f  b o t h  p o l y e t h y l e n e  t u b e s  were  a t t a c h e d  s h o r t  l e n g t h s  of  
f l e x i b l e  p l a s t i c  t u b i n g  ( Tygon, I.D. 3/16 i n c h ) .  Each p i e c e  o f  Tygon 
t u b i n g  was f i t t e d  w i t h  a  s c r e w - t y p e  p i n c h  c lamp,  u sed  t o  o c c l u d e  t h e  
i n s i d e  o f  t h e  l y s i m e t e r  f rom t h e  a tmosphere  when pumping a  vacuum and 
when d rawing  a  sample .  A l l  c o n n e c t i o n s  were  s e a l e d  w i t h  epoxy cement .  
Ceramic cup l y s i m e t e r s  were  p l a c e d  i n  t h e  ground by f i r s t  a u g e r i n g  
a  2 i n c h  d i a m e t e r  h o l e  a t  an  a n g l e  o f  2 0  t o  30 d e g r e e s  f rom t h e  v e r t i c a l  
and t h e n  i n s e r t i n g  t h e  l y s i m e t e r .  The pu rpose  o f  t h i s  was t o  e n s u r e  
t h a t  t h e  c e r a m i c  cup - -  t h e  i n t a k e  p o r t i o n  o f  t h e  l y s i m e t e r  - -  was 
b e n e a t h  an  u n d i s t u r b e d  s o i l  p r o f i l e .  The h o l e s  were  b a c k f i l l e d  t o  
p r e v e n t  t h e  auge red  b o r e  from a c t i n g  a s  a  c h a n n e l  f o r  i n f i l t r a t i n g  
w a t e r .  A s t r i n g  was t i e d  t o  t h e  t o p  of  t h e  PVC p i p e  and s u p p o r t e d  w i t h  
d u c t  t a p e .  The s t r i n g  ex t ended  t o  t h e  t o p  o f  t h e  p o l y e t h y l e n e  t u b i n g  
and was u s e d  t o  a i d  i n  t h e  removal  o f  t h e  l y s i m e t e r  once  s amp l ing  had 
been  comple t ed .  A w i r e  mesh was p l a c e d  o v e r  each  l y s i m e t e r  t o  p r e v e n t  
a n i m a l s  f rom chewing on t h e  exposed t u b i n g .  
Once t h e  l y s i m e t e r s  were i n  t h e  g round ,  a  w a t e r  sample  was c o l l e c t e d  
by pumping a  vacuum i n t o  t h e  l y s i m e t e r  and t h e n  a l l o w i n g  t h e  i n i t i a l  
p r e s s u r s  g r a d i e n t  t o  r e a c h  e q u i l i b r i u m  w i t h  t h e  o u t s i d e  s o i l  m o i s t u r e  
t e n s i o n .  F i r s t  t h e  f l e x i b l e  p l a s t i c  t u b i n g  connec t ed  t o  t h e  s h o r t e r  
l e n g t h  o f  p o l y e t h y l e n e  t u b i n g  was c l o s e d  o f f  by means o f  i t s  a t t a c h e d  
p i n c h  c lamp.  The l o n g e r  p o l y e t h y l e n e  t u b e  was t h e n  c o n n e c t e d  t o  a 
two-way hand pump w i t h  t e n s i o n  gauge .  To min imize  t h e  v a r i a b i l i t y  
between ce r amic  cups  due t o  s c r e e n i n g  and s o r p t i o n  o f  p h o s p h o r u s ,  t h e  
l y s i m e t e r s  were  a c t i v a t e d  w i t h  a c o n s i s t e n t  vacuum o f  7 0  cm Hg. The 
vacuum drew groundwate r  i n t o  t h e  l y s i m e t e r  t h r o u g h  t h e  po rous  cup u n t i l  
t h e  vacuum i n s i d e  t h e  l y s i m e t e r  had d i m i n i s h e d  t o  t h e  p o i n t  t h a t  i t  
e q u a l l e d  t h e  s u r r o u n d i n g  s o i l  m o i s t u r e  t e n s i o n  p l u s  t h e  a t m o s p h e r i c  
p r e s s u r e  ( a p p r o x i m a t e l y  0 p s i g ) .  
The w a t e r  was removed f rom t h e  l y s i m e t e r  f o r  a n a l y s i s  by a t t a c h i n g  
t h e  e x i t  v a l v e  of t h e  two-way pump t o  t h e  s h o r t e r  p o l y e t h y l e n e  t u b e .  
When a  p r e s s u r e  was e x e r t e d  w i t h  t h e  pump, t h e  sample was pushed up 
t h e  l o n g e r  t u b e  and c o l l e c t e d  i n  t e s t  t u b e s .  
Sandpoin t  w e l l s  were c o n s t r u c t e d  of ga lvan ized  s t e e l ,  1 .25  inch  
I . D . ,  l e n g t h  2 4  i n c h e s ,  1 8  inches  o f  which c o n s i s t e d  of  # 6 0  s c r e e n  
mesh. They were pounded i n t o  t h e  ground w i t h  a  two-handled i n s e r t i o n  
hammer. A d d i t i o n a l  l e n g t h s  of 1 .25  I .D. p i p e  were added t o  t h e  t o p  of 
t h e  s a n d p o i n t  w e l l  s o  t h a t  i t  cou ld  be d r i v e n  f u r t h e r  i n t o  t h e  ground 
t o  r e a c h  s a t u r a t e d  s o i l .  Unl ike  t h e  ceramic cup l y s i m e t e r ,  a  sand-  
p o i n t  w e l l  i s  o n l y  c a p a b l e  of  drawing a  groundwater sample i f  t h e  
s o i l  i s  s a t u r a t e d  and i t s  p e r m e a b l i l i t y  i s  r a p i d .  
A sample was t a k e n  from a  sandpo in t  w e l l  by a t t a c h i n g  a  screw-on 
p i t c h e r  pump t o  t h e  t o p  of  t h e  uppermost p i p e .  The pump was primed 
and wa te r  was drawn o u t  u n t i l  i t  flowed c o n t i n u o u s l y .  
A l l  samples were c o l l e c t e d  i n  2 0 x 2 0 0  m m ,  acid-washed t e s t  t u b e s  
and t h e n  covered  w i t h  P a r a f i l m  t o  p r e v e n t  con tamina t ion  o r  s p i l l a g e .  
Samples were immediately p l aced  on i c e  t o  p r e s e r v e  them u n t i l  t h e y  
reached t h e  l a b ,  a t  which p o i n t  t h e y  were r e f r i g e r a t e d  a t  4  C .  
A l l  ce ramic  cup l y s i m e t e r s  were washed w i t h  a c i d  t o  remove l o o s e  
i o n s  t h a t  may have been adsorbed  t o  t h e  l y s i m e t e r  s u r f a c e s .  The ceramic 
3 - cups  c o n t a i n  c a 2 +  and bIg2+, which a r e  a b l e  t o  complex wi th  PO4 , 
l e a d i n g  t o  an underes t ima ted  t o t a l  phosphorous c o n c e n t r a t i o n  ( Hansen 
and H a r r i s ,  1975) .  Acid washing a l s o  removes phosphate  ions  which 
t h i s  s t u d y  found t o  be  p r e s e n t  i n  new ceramic  cups ( Appendix 2 ) .  
The c l e a n i n g  procedure  involved  soaking  a l l  segments of  t h e  p a r t i a l l y  
assembled  l y s i m e t e r  ( e x c e p t  f o r  t h e  p o l y e t h y l e n e  t u b i n g )  i n  1 0 %  H C 1  
f o r  t h r e e  h o u r s .  They were  t h e n  soaked  i n  d e i o n i z e d  w a t e r  t w i c e  f o r  
one hour  e a c h ,  f o l l o w e d  by an a d d i t i o n a l  f i v e  minu t e  r i n s e .  
Ev idence  from Phase  I o f  t h i s  s t u d y  i n d i c a t e d  t h a t  c h l o r i d e  had 
been  r e t a i n e d  by t h e  l y s i m e t e r  ( most l i k e l y  i n  t h e  c e r a m i c  c u p s )  a f t e r  
c l e a n i n g ,  g i v i n g  e l e v a t e d  c h l o r i d e  r e a d i n g s ,  e s p e c i a l l y  i n  t h e  f i r s t  
samples  t a k e n .  To a b a t e  t h i s  e r r o r ,  t h e  i n s t r u m e n t s  were  c l e a n e d  
p r i o r  t o  Phase  I1 j u s t  a s  t h e y  were  b e f o r e  Phase  I ,  e x c e p t  1 0 %  s u l f u r i c  
a c i d  was u t i l i z e d  i n  p l a c e  o f  h y d r o c h l o r i c  a c i d .  
The p o l y e t h y l e n e  t u b i n g  u sed  i n  t h e  l y s i m e t e r s  was washed by 
drawing  1 l i t e r  o f  1 0 %  H2S04 t h r o u g h  50 f o o t  l e n g t h s .  T h i s  was f o l l o w e d  
by drawing  t h r e e  l i t e r s  o f  d e i o n i z e d  w a t e r  t h r o u g h  each  l e n g t h  o f  t u b i n g .  
A l l  g l a s s w a r e  was washed i n  1 0 %  H2S04 f o l l o w e d  by  t h r e e  r i n s e s  i n  
d e i o n i z e d  w a t e r  t o  remove any  phospha t e  adso rbed  t o  t h e  s u r f a c e s .  
Au toana lyze r  p o l y s t y r e n e  d i s p o s a b l e  sample  cups  were  a l s o  c l e a n e d  w i t h  
a c i d  t o  p r e v e n t  i n t e r f e r e n c e  from d i s s o l v e d  i o n s .  Because t h e  sample  
cups  have s m a l l  o p e n i n g s ,  t h e y  were  e s p e c i a l l y  d i f f i c u l t  t o  r i n s e  
p r o p e r l y .  To e n s u r e  c l e a n l i n e s s ,  t h e  sample  cups  were  r i n s e d  f o u r  
t i m e s  i n s t e a d  o f  t h e  normal t h r e e .  I n  o r d e r  t o  f u r t h e r  p r e v e n t  p o s s i b l e  
c o n t a m i n a t i o n ,  t h e  c h l o r i d e  d e t e r m i n a t i o n s  u sed  o n l y  cups  washed w i t h  
s u l f u r i c  a c i d .  L i k e w i s e ,  t h e  two n i t r o g e n  t e s t s  ( n i t r a t e  and ammonia) 
u t i l i z e d  o n l y  cups  washed i n  h y d r o c h l o r i c  a c i d ,  b e c a u s e  s u l f u r i c  a c i d  
i s  known t o  c o n t a i n  n i t r o g e n  a s  a  c o n t a m i n a n t  ( Techn icon ) .  
Samples o b t a i n e d  from t h e  s a n d p o i n t  w e l l s  were  f i l t e r e d  t h r o u g h  
g l a s s  f i l t e r  pape r  t o  e l i m i n a t e  i n t e r f e r e n c e  from t u r b i d i t y  w i t h i n  t h e  
sample .  F i l t e r  pape r  was soaked  i n  f o u r  d e i o n i z e d  w a t e r  b a t h s  f o r  one 
hour  e a c h  t o  remove any  c o n t a m i n a n t s  t h a t  may have  been p r e s e n t .  
However, t h e  c e r a m i c  c u p s  u s e d  i n  t h i s  s t u d y  had p o r e  s i z e s  o f  1 m i c r o n ,  
which  t h u s  a c t e d  a s  a  b u i l t - i n  f i l t e r .  Consequen t ly ,  i t  was u n n e c e s s a r y  
t o  f i l t e r  s amp le s  o b t a i n e d  w i t h  t h e  l y s i m e t e r s .  
L a b o r a t o r y  M e t h o d s  
Groundwater  samples  were  a n a l y z e d  f o r  f o u r  c o n s t i t u e n t s :  n i t r a t e -  
n i t r o g e n ,  ammon ia -n i t rogen ,  t o t a l  s o l u b l e  phosphorus ,  and c h l o r i d e .  
Water s amp le s  were  a n a l y z e d  f o r  n i t r a t e  and ammonia fo rms  o f  n i t r o g e n ,  
t h e  two t y p e s  p r i m a r i l y  u s e d  by a l g a e  and o t h e r  a q u a t i c  p l a n t s .  I n  
a d d i t i o n ,  t h e s e  two forms  a r e  p r e s e n t  a t  h i g h  c o n c e n t r a t i o n s  i n  s e p t i c  
o u t f l o w ,  making them e a s i l y  d e t e c t a b l e ,  
Most n i t r o g e n  i n  human w a s t e s  i s  i n i t i a l l y  i n  o r g a n i c  form ( p r i m a r i l y  
u r e a ,  b u t  a l s o  n u c l e i c  a c i d s ,  amino a c i d s ,  p o l y p e p t i d e s ,  p r o t e i n s  and 
s y n t h e t i c  o r g a n i c  m a t e r i a l s ) .  However, f o r  s e v e r a l  r e a s o n s ,  t e s t s  
f o r  o r g a n i c  n i t r o g e n  were  n o t  pe r fo rmed .  F i r s t ,  t h e  p r o c e d u r e  g e n e r a l l y  
u s e d ,  t h e  k j e l k a h l  method,  d e t e r m i n e s  n i t r o g e n  o n l y  i n  t h e  t r i n e g a t i v e  
o x i d a t i o n  s t a t e .  I t  i n c l u d e s  i n o r g a n i c  ammon ia -n i t rogen ,  b u t  d o e s  n o t  
encompass any  o f  t h e  f o l l o w i n g  n i t r o g e n  fo rms :  a z i d e ,  a z i n e ,  a z o ,  
h y d r a z o n e ,  n i t r a t e ,  n i t r i t e ,  n i t r i l e ,  n i t r o ,  n i t r o s o ,  oxime,  and semi-  
c a r b a z o n e .  T h i s  method a l s o  r e q u i r e s  e l a b o r a t e  d i g e s t i o n  p r o c e d u r e s  
n o t  n e c e s s a r y  when a n a l y z i n g  o n l y  i n o r g a n i c  forms o f  n i t r o g e n .  F u r t h e r -  
more ,  most  o r g a n i c  n i t r o g e n  i n  w a s t e w a t e r  i s  c o n v e r t e d  i n t o  ammonia 
f a i r l y  r a p i d l y  by  t h e  h y d r o l y s i s  o f  u r e a  and t h e  d e a m i n a t i o n  o f  amino 
a c i d s  s u c h  t h a t  s e p t i c  e f f l u e n t  c o n t a i n s  n i t r o g e n  l a r g e l y  i n  t h e  form 
o f  ammonia. 
Plants utilize phosphorus in the form of orthophosphate. However, 
the other common forms of phosphorus - -  metaphosphates, polyphosphates, 
and organically bound phosphates - -  are easily interconvertible into 
orthophosphate and thus they are all potential sources of plant- 
labile phosphorus. For this reason samples have been analyzed for 
total soluble phosphorus, which includes all nonparticulate-bound 
ortho-,meta-,poly-, and organic phosphates. 
Chloride is present in human waste at high levels, and remains 
in soil solution without significant removal through precipitation 
or adsorption, thus serves as a good tracer species for nutrients 
discharged from septic systems. It also has the advantage over the 
measurement of nutrients directly, in that chloride is stable in 
aqueous solution indefinitely. 
The concentrations of these four constituents in water samples 
were determined using a Technicon Autoanalyzer 11. All determinations 
were made using standard methods ( APHA, 1976; EPA, 1976, Technicon). 
Every fifth sample was analyzed in duplicate and every twentieth 
sample was tested in triplicate in order to evaluate errors that may 
have occurred due to equipment and technique. 
Nitrate-nitrogen concentrations were determined using the auto- 
mated cadmium reduction method. Nitrate is first reduced to nitrite 
followed by a colorimetric determination of the nitrite present. Thus 
the procedure used actually measures the sum of both nitrate and nitrite 
present in the sample. However, nitrite is usually present only at 
very low levels even in wastewater treatment plant effluent ( Sawyer 
and McCarthy, 1Y78), and therefore virtually all nitrogen measured 
by this method is due to the nitrate present. 
Ammonia concentrations were measured with the automated colori- 
metric ?henate method. Intake air was scrubbed with 5% H2S04 to 
remove any ammonia which may have been present. 
To convert meta-, poly- and organic phosphates into measurable 
orthophosphate the samples were digested with 5% potassium persulfate 
solution. Six ml of persulfate solution was added to 8 ml of each 
sample. These were then heated for a minimum of 45 minutes at 15 psig 
in a steam autoclave. Then the total amount of soluble phosphorus 
( in the form of orthophosphate) was determined using the automated 
ascorbic acid method. 
The analysis of chloride utilized the automated mercuric thicyanate 
method. Instead of ferric nitrate, ferric ammonium sulfate was em- 
ployed in the creation of the colored ferric thiocyaniate complex 
formed during this procedure. 
Results and Discussion 
A major limitation posed by both wellpoints and porous cups is 
the limited range of soil texture and soil moisture conditions under 
which the two instruments are effective. Although heavy loading 
from wastewater saturated the soil surface at Site 2, no samples 
could be pumped from wellpoints driven to a depth of 4.5 m. Site 
4 was situated on a low alluvial terrace with the groundwater table 
less than 1.5 m below the soil surface. The clayey subsoil, however, 
severely restricted water movement and wellpoints yielded no samples. 
A partial sample set was collected from porous cups on Site 4 ( not 
recorded). Subsequent 1 day, 4 day, and 10 day sampling periods 
failed to yield sufficient sample volumes for analysis. Clogging of 
cup pores by clay particles and capillary tension in the soil sur- 
rounding the porous cup that were greater than the pull of the lysi- 
meters are possible explanations. 
Wellpoints require considerable effort to drive into the ground 
and are difficult to remove. Soils must be coarse textured and 
saturated for the wellpoint to function satisfactorily. When the 
proper conditions exist, wellpoints provide representative samples 
with less instrument-related variability than pourous cups. An in- 
dividual wellpoint ( 24 inches long, I.D. 1.25 inches) costs 
approximately $25.00, to which the cost of a pump and lengths of 
pipe must be added. 
Porous cups are relatively easy to use, but considerable time 
is required to assemble and acid-wash the instruments before use in 
t h e  f i e l d .  Po rous  c u p s  do n o t  work w e l l  when s o i l  m o i s t u r e  c o n d i t i o n s  
a r e  w e l l  below f i e l d  c a p a c i t y  o r  i n  c l a y e y  s o i l s  ( even when s a t u r a t e d ) .  
The p o t e n t i a l  f o r  i n s t r u m e n t  b i a s  of  samples  make them b e s t  s u i t e d  f o r  
w a t e r  q u a l i t y  i n v e s t i g a t i o n s  where  t r e n d s  a r e  more i m p o r t a n t  t h a n  
p r e c i s e  measurements  and when l a r g e  numbers o f  samples  can  b e  c o l l e c t e d .  
'dacuum l e a k s  a round  p i n c h  c lamps  p r e s e n t  a  problem w i t h  t h e  porous  cup 
t e n s i o n  l y s i m e t e r s  and a n  improved d e s i g n  i s  s u g g e s t  below.  The c o s t  
of  m a t e r i a l s  f o r  e a c h  i n s t r u m e n t  i s  a b o u t  $ 5 . 0 0 .  A two-way hand pump 
w i t h  t e n s i o n  gauge c o s t s  a b o u t  $ 2 4 . 0 0 .  
The means and v a r i a n c e s  o f  w e l l p o i n t  and po rous  cup samples  were  
compared.  The v a r i a n c e  o f  p o r o u s  cup samples  was g r e a t e r  t h a n  w e l l -  
p o i n t  samples  i n  each  group  (NO - N ,  NH4-N,TDP,Cl: S i t e s  1 and 3 ) .  An 3 
F - t e s t  f o r  e q u a l i t y  o f  two v a r i a n c e s  showed t h a t  i n  one o f  t h e  e i g h t  
compar i sons  (NO3-N, S i t e  I ) ,  t h e  d i f f e r e n c e  was s t a t i s t i c a l l y  
s i g n i f i c a n t  and t h e  h y p o t h e s i s  o f  e q u a l  v a r i a n c e  was r e j e c t e d  a t  a = . 0 5 .  
The s even  r e m a i n i n g  g roups  were  compared,  and a  T - t e s t  f o r  t h e  e q u a l i t y  
o f  means showed t h a t  , t h e  h y p o t h e s i s  o f  e q u a l  means was a c c e p t e d  a t  
a = . 0 5  f o r  a l l  o t h e r  g roups  a t  t h e  two s i t e s .  I t  was t h e r e f o r e  conc luded  
t h a t  w e l l p o i n t s  and po rous  cup  samples  were s i m i l a r  i n  t h e i r  w a t e r  
q u a l i t y .  See T a b l e  1. 
Al though  po rous  cups  p r o v i d e  c l e a r  c o s t  and f e a s i b i l i t y  a d v a n t a g e s  
o v e r  w e l l p o i n t s ,  l a r g e  v a r i a b i l i t y  i n  po rous  cup samples  r a i s e  q u e s t i o n s  
c o n c e r n i n g  t h e i r  u s e :  
1. How much o f  t h e  c h e m i c a l  v a r i a b i l i t y  i s  t h e  r e s u l t  o f  changes  
i n  t h e  g r o u n d w a t e r ,  and how much r e f l e c t s  b i a s  o f  samples  f rom 
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2 .  What a r e  t h e  s o u r c e s  of  sample  b i a s ?  
3 .  How can  sample  b i a s  b e  min imized?  
N u t r i e n t  c o n c e n t r a t i o n s  i n  s h a l l o w  groundwate r  a r e  c o n t i n u a l l y  
c h a n g i n g ,  and s i g n i f i c a n t  v a r i a b i l i t y  i s  e x p e c t e d  i n  g roundwate r  
s amp le s  t a k e n  o v e r  t i m e  ( Hansen and H a r r i s ,  1 9 7 5 ) .  I f  w e l l p o i n t  
s amp le s  a r e  assumed t o  more a c c u r a t e l y  r e p r e s e n t  g roundwate r  
c o n d i t i o n s ,  v a r i a b i l i t y  f rom PCC l y s i m e t e r  sample  b i a s  i s  q u i t e  
l a r g e .  While  t h e  sample  b i a s  makes t h e  a n a l y s i s  o f  d a t a  more 
c o m p l i c a t e d ,  i n t e r p r e t a t i o n  o f  r e s u l t s  i s  s t i l l  f e a s i b l e ,  a s  n o t e d  
above .  
Hansen and H a r r i s  (1975) n o t e d  t h e  f o l l o w i n g  ma jo r  s o u r c e s  of  
v a r i a b i l i t y  and b i a s  i n  PCC l y s i m e t e r  s a m p l e s :  a d s o r p t i o n  o f  P on 
c e r a m i c  cup  w a l l s ,  s amp le r  i n t a k e  r a t e ,  p l u g g i n g  o f  p o r e s ,  sample  
d e p t h ,  l e n g t h  o f  sample  p e r i o d ,  and t y p e  o f  vacuum s y s t e m .  Based 
on t h e i r  l a b o r a t o r y  and f i e l d  t e s t s ,  i t  was s u s p e c t e d  t h a t  t h e  
c e r a m i c  cup  p o r t i o n  o f  t h e  l y s i m e t e r  would remove phosphorus  from 
s o l u t i o n .  I n s t e a d  o f  f i n d i n g  s i g n i f i c a n t  l o s s e s  from a d s o r p t i o n ,  
c e r a m i c  c u p s  were  found t o  c o n t a i n  e x t r a c t a b l e  phosphorus ,  c o n t r i b u t i n g  
i t  t o  s o l u t i o n  ( See Appendix 2 ) .  
L a b o r a t o r y  e x p e r i m e n t s  t o  d e t e r m i n e  sample  b i a s  e f f e c t s  from 
e v a c u a t i o n  t u b e s  i n  t h e  PCC l y s i m e t e r  showed t h a t  p o s i t i v e  i n t e r -  
f e r e n c e  o f  phosphorus  r e a d i n g s  f rom coppe r  t u b i n g  l e d  t o  measurements  
i n d i c a t i n g  phosphorus  a t  l e v e l s  h i g h e r  t h a n  a c t u a l l y  p r e s e n t  ( See 
Appendix 2 ) .  P o l y e t h y l e n e  t u b i n g  was t e s t e d  a s  an a l t e r n a t i v e  t o  
coppe r  t u b i n g .  The p o l y e t h y l e n e  d i d  n o t  a d s o r b  phosphorus  s i g n i f i c a n t l y  
o r  d e t e c t a b l y  a f f e c t  t h e  measurement o f  phosphorus  ( See Appendix 2 ) ,  
and was used to replace copper tubing in old PCC lysimeters and in 
all new lysimeter construction. 
Hansen and Harris (1975) recommend the following procedure for 
reducing the variability of PCC lysimeters: 
Group sampler by intake rate, use samplers of uniform length, use 
short sampling intervals, and create constant intial vacuum for all 
samplers. Acid washing of ceramic cups with 1N HC1 was recommended 
by Grover and Lamborn (1970) to reduce phosphorus adsorption. 
Phosphorus contributions rather than phosphorus adsorption from 
ceramic cups was discovered, and acid washing with 10% HC1 reduced 
but did not eliminate extractable phosphorus contained in the cup 
( See Appendix 2). 
The advantages and disadvantages of wellpoints and PCC lysimeters 
were weighed in choosing a sampling method for a septic system 
monitoring study. The purpose of the study was to identify and 
roughly quantify septic system pollution of ground water. Precise 
representation in samples of groundwater nutrient concentrations was 
desirable but not essential. In light of this fact and the favorable 
cost and ease of use considerations, the PCC lysimeter was selected 
as the sampling instrument for the study. 
Sugges t ed  Des ign  M o d i f i c a t i o n s  f o r  PCC L y s i m e t e r s  
Po rous  Ceramic Cup, PVC p i p e ,  and s t o p p e r  a s sembly  a r e  a s  d e s c r i b e d  i n  
M a t e r i a l s  and  Methods.  The t u b e  assembly  i s  a d j u s t e d  a s  f o l l o w s :  
A t t a c h  1 0  cm p i e c e s  o f  l j 4  i n c h  p o l y e t h y l e n e  t u b e , i n s i . d e  t h e  two 
f l e x i b l e  p l a s t i c  t u b e s  ( Tygon, I . D .  3 /16  i n c h ) .  Cut s h o r t  ( 2 . 5  cm) 
p i e c e s  o f  Tygon t u b i n g ,  h e a t  one  s i d e  above a  c a n d l e  o r  a n o t h e r  s u i t a b l e  
h e a t  s o u r c e ,  and s e a l  i t  o f f  by s q u e e z i n g  w i t h  a  n e e d l e - n o s e  p l i e r s .  
These  Tygon "caps"  p r o v i d e  a n  e f f e c t i v e  vacuum s e a l  and a r e  v e r y  
economica l .  
Sec t ion  I1 
Nut r ien t  Movement from 
Sep t i c  Systems 

S e c t i o n  I 1  
N u t r i e n t  Movement f rom S e p t i c  Systems 
Introduction 
N u t r i e n t  movement from s e p t i c  sy s t em w a s t e w a t e r  i s  t h o u g h t  t o  
be i n f l u e n c e d  by t h e  t e x t u r e  o f  t h e  s o i l  a round  t h e  d r a i n f i e l d ,  volume 
o f  was t ewa te r  l o a d i n g ,  a g e  o f  t h e  s e p t i c  s y s t e m ,  and t h e  s e a s o n a l  o r  
y e a r  round u s e  o f  t h e  s e p t i c  s y s t e m .  A p r o p e r l y  f u n c t i o n i n g  s e p t i c  
sys tem a b s o r b s  and t r e a t s  w a s t e w a t e r ,  p r e v e n t i n g  s u r f a c i n g  o f  e f f l u e n t  
and p r o t e c t i n g  groundwate r  f rom c o n t a m i n a t i o n .  S o i l  t e x t u r e  i s  c r i t i c a l  
t o  b o t h  p r o c e s s e s .  While s a n d s  and s i m i l a r  c o a r s e  t e x t u r e d  s o i l s  a r e  
a b l e  t o  r a p i d l y  a b s o r b  and t r a n s p o r t  l a r g e  volumes o f  w a t e r ,  s i l t  and 
c l a y  p a r t i c l e s  i n  t h e  s o i l  body i n c r e a s e s  t h e  s o i l ' s  c a p a c i t y  t o  remove 
n u t r i e n t s  ( E l l i s  and C h i l d s ,  1969)  . 
Over t i m e ,  n u t r i e n t s  f rom w a s t e w a t e r  a r e  added t o  t h e  s o i l  a round  
t h e  d r a i n f i e l d ,  f i l l i n g  exchange s i t e s  f o r  ammonia and phosphorus  
a d s o r p t i o n .  Long t e rm  w a s t e w a t e r  l o a d i n g  may r e s u l t  i n  phosphorus  
m i g r a t i o n  t h r o u g h  t h e  s o i l  ( Dudley and S t e p h e n s o n ,  1 9 7 3 ) .  
S e a s o n a l  occupancy p r o v i d e s  f o r  p e r i o d i c  r e s t i n g  o f  t h e  d r a i n f i e l d .  
I f  t h e  d r a i n f i e l d  c a n  d r y  o u t  d u r i n ~  p e r i o d s  o f  n o n - u s e ,  a e r o b i c  
decompos i t i on  of  t h e  o r g a n i c  c r u s t  w i l l  i n h i b i t  d r a i n f i e l d  c l o g g i n g  
( W a r s h a l l ,  1 9 7 6 ) ,  and r e g e n e r a t i o n  o f  P - a d s o r p t i o n  s i t e s  c a n  o c c u r  
( E l l i s  and E r i c k s o n ,  1 9 6 9 ) .  
Site Selection 
Seven c o n v e n t i o n a l  s e p t i c  sy s t ems  and two mound sys t ems  were  
s t u d i e d .  A l l  s i t e s  were  l o c a t e d  on t h e  s h o r e  o f  B u r t  Lake,  Cheboygan 
County,  Michigan ( F i g .  3 ) .  Three  f a c t o r s  were  c o n s i d e r e d  i n  t h e  s i t e  
F i g u r e  3 
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s e l e c t i o n  p r o c e s s :  s o i l  t e x t u r e ,  age  o f  s e p t i c  s y s t e m ,  and occupancy  
( y e a r  round o r  s e a s o n a l ) .  A s h a l l o w  ( l e s s  t h a n  1 . 5  m )  g roundwa te r  
t a b l e  was p r e s e n t  a t  e ach  s i t e .  
M a t e r i a l s  and Methods  
S o i l  t e x t u r e  was d e t e r m i n e d  from compos i t e  a u g e r  samples  c o l l e c t e d  
a t  e ach  s i t e .  S i t e s  w i t h  sand  a n d / o r  loamy sand  s o i l  s u r f a c e  and s u b -  
s u r f a c e  h o r i z o n s  were  compared t o  s i t e s  w i t h  f i n e r  t e x t u r e d  h o r i z o n s .  
( I t  i s  w o r t h w h i l e  t o  n o t e  t h a t  t h e  bo t tom o f  t h e  d r a i n f i e l d  i s  t y p i c a l l y  
. 7 5  t o  1 . 0  m below t h e  s o i l  s u r f a c e  i n  c o n v e n t i o n a l  s e p t i c  s y s t e m s .  
S o i l  above t h i s  d e p t h  may n o t  i n f l u e n c e  e f f l u e n t  t r e a t m e n t . )  T e x t u r e  
was de t e rmined  by t h e  hydrometer  method ( Bouyoucos,  1936)  f o l l o w e d  
by s i e v e  a n a l y s i s  o f  t h e  sand  f r a c t i o n  ( T a b l e  2 ) .  Ages o f  s e p t i c  
sys tems  were  o b t a i n e d  from h e a l t h  depa r tmen t  f i l e s  o r  f rom t h e  r e s i d e n t s .  
R e s i d e n t s  s t a t e d  whe the r  t h e  home was occup ied  y e a r  round  o r  s e a s o n a l l y .  
Many f a c t o r s  i m p o r t a n t  t o  s e p t i c  sy s t em pe r fo rmance  were  n o t  
c o n s i d e r e d  i n  t h e  s i t e  s e l e c t i o n  p r o c e s s .  These  f a c t o r s  i n c l u d e :  
i n s t a l l a t i o n  and ma in t enance  o f  t h e  s y s t e m ,  housho ld  w a t e r  u s e ,  lawn 
f e r t i l i z a t i o n  and w a t e r i n g , s i z e  and d e s i g n  o f  t h e  d r a i n f i e l d ,  and 
o t h e r s .  I n f o r m a t i o n  on t h e s e  f a c t o r s  was g a t h e r e d  t h r o u g h  s i t e  
i n s p e c t i o n  and househo ld  s u r v e y .  
A t  each  s i t e  t h e  l o c a t i o n  of  t h e  d r a i n f i e l d  was d e t e r m i n e d .  Two 
po rous  c e r a m i c  cup  ( P C C )  l y s i m e t e r s  were  i n s t a l l e d  i n  t h e  s o i l  up 
g r a d i e n t  from t h e  d r a i n f i e l d  t o  o b t a i n  ambien t  n u t r i e n t  c o n c e n t r a t i o n s  
i n  t h e  g roundwa te r .  L y s i m e t e r s  were  i n s t a l l e d  i n  h o l e s  auge red  w i t h  
a  s t a n d a r d  s o i l  a u g e r  down t o  t h e  zone o f  s a t u r a t i o n .  P r i o r  t o  
Table  2 
T e x t u r a l  A n a l y s i s  
S i t e  Depth (m) Remarks 
g r a v e l l y  
o r g a n i c  
n o t  ana lyzed  
n o t  ana lyzed  
o r g a n i c  
same a s  s i t e  7 
same a s  s i t e  7 
same a s  s i t e  7 
same a s  s i t e  7 
installation, lysimeters were acid washed and rinsed as described 
in Section I. 
Groundwater under the drainfield was assumed to flow towards the 
lake. An arc of 4 to 9 lysimeters was placed between the drainfield 
and the lake within 3 meters of the approximate perimeter of the 
drainfield. Large volume and high nutrient concentrations in lysimeter 
samples were used to better estimate the direction of flow and the 
path of nutrient migration from the drainfield. A second arc of 
lysimeters was subsequently placed in the estimated direction of flow 
within five meters of the lake. Samples were taken at twenty four hour 
intervals. Six sets of samples were obtained from sites 1-6. Four 
sets of samples were obtained from sites 7 - 9 .  
R e s u l t s  and D i s c u s s i o n  
Groundwater d a t a  from t h e  n i n e  h o m e s i t e s  a r e  p r e s e n t e d  i n  T a b l e  
3  and F i g u r e  4 .  I n f o r m a t i o n  on t h e  a g e  o f  t h e  s e p t i c  s y s t e m ,  s e a s o n a l  
o r  permanent  occupancy ,  s o i l  t e x t u r e ,  w a t e r  u s e ,  and number o f  o c c u p a n t s  
i s  g i v e n  f o r  e ach  s i t e .  D a i l y  w a t e r  u s e  and t h e  a v e r a g e  number o f  
r e s i d e n t s  were  e s t i m a t e d  f rom i n f o r m a t i o n  c o n t a i n e d  i n  a s u r v e y  f i l l e d  
o u t  by t h e  r e s i d e n t s  d u r i n g  t h e  s amp l ing  p e r i o d .  Water u s e  was e s t i -  
mated t o  b e  50 g a l l o n s  p e r  p e r s o n  p e r  day  ( gppd) f o r  homes w i t h  no 
wash ing  mach ine .  Where a  washing machine was i n  u s e  l e s s  t h a n  once  
a  d a y ,  w a t e r  u s e  was e s t i m a t e d  t o  6 0  gppd,  and 7 5  gppd where  t h e  wash- 
i n g  machine  was u s e d  more t h a n  once  a d a y .  
Flean v a l u e s  o f  TDP, NO3-N, NH4-N, and C 1  f o r  e ach  sampler  on each  
s i t e  a r e  g i v e n  a t  t h e  bo t tom o f  t h e  columns i n  T a b l e  3 and shown 
g r a p h i c a l l y  i n  F i g u r e  4 ,  a l o n g  w i t h  t h e  p lacement  o f  t h e  s a m p l e r s .  
On s i t e s  1 , 2 , 3 , 7 , 8  and 9 ,  s a m p l e r s  c o u l d  be  grouped a c c o r d i n g  
t o  t h e i r  p o s i t i o n s  w i t h  r e s p e c t  t o  t h e  s e p t i c  sy s t em d r a i n f i e l d  ( on 
s i t e s  4 , 5 ,  and 6 ,  t h e  p lacement  o f  t h e  s a m p l e r s  d i d  n o t  l e n d  them- 
s e l v e s  t o  s u c h  g r o u p i n g s ) .  A C o n t r o l  g roup  i n c l u d e d  s ample r s  up 
g r a d i e n t  f rom t h e  s e p t i c  sys tem d r a i n f i e l d  and was u sed  a s  an i n d i c a t o r  
o f  background  groundwate r  c o n d i t i o n s .  A Near g roup  w i t h i n  3 m o f  t h e  
d r a i n f i e l d  i n d i c a t e d  groundwate r  c o n d i t i o n s  i n  t h e  zone o f  maximum 
i n f l u e n c e  f rom w a s t e w a t e r  l o a d i n g .  A Fa r  g roup  o f  s a m p l e r s  w i t h i n  
5 m o f  t h e  s h o r e l i n e  s e r v e d  a s  a  measure  o f  n u t r i e n t  and c h l o r i d e  
c o n c e n t r a t i o n s  i n  t h e  g roundwate r  a s  i t  e n t e r e d  Bur t  Lake.  
The means and s t a n d a r d  d e v i a t i o n s  o f  C o n t r o l ,  Near and Far  
T a b l e  3 B u r t  Lake Data  - ~- 
E s t i m a t e d  Avg. No. 
S i t e  No. Age Occupancy  T e x t u r e  w a t e r  u s e  ( g p d )  r e s i d e n t s  
1 9' s e a s o n a l  0 . 5  m s a n d y  loam 675  
1 . 0  m s a n d  
1 2 3  4 5  6  7 8  9  1 ,y s ime te r  No. 
Sample  No. 1 3 0  A * 3  5  4  0  A * A  * *  * *  
2 20 A * 7  0  70  * * *  * *  * *  
3  * * J( 1 6 0  k * 137  7 7 . 5  7  2 
4 6  8  * A 7  52 * A 216 - 95 
5  * * 187  - * A 147  64  
6  30 1 4 0  315  250 * 7  0  8 0  9 0  * *  
7 3  0  1960  2640 3280 1 0 4 0  960 920 * k - 
Mean 35 .60  1 0 5 0  1 0 4 7 . 3  7  57 3 8 3 . 3  515  1 4 5 . 0  362 , ' s  7 7 . 0  
L y s i m e t e r  No. 1 2 3 ' 4 5  6 7  8  9  
Sample  No. 1 2 1 2  A * 3200 14000  A * *  * k j;* 
2 1 2 4  A * ' 9300 15500  A il-A * *  -k * 
3  k * 8900 18800  22000 * 10800 0  7  04 
4 1 0  -k " 10500  11000  ~i 500 - 200 
5  jf * 1 5Q00 - 16500  * 2480 8 0  1 4 8 0  
6  6  0 8200 9200 15000  13000  1 0 0  4700 1 2 0 0 0  * A 
7  55  775  5400 80  - 950 - 8  5  * * 
Mean 8 6 . 8 3  4487-5 96'75 9480 1 5 , 3 3 3  525 4 6 2 0  4833  ' 7 9 4  
* I n s u f f i c i e n t  volume f o r  a n a l y s e s  
A *  No s a m p l e  a t t e ~ o p t e d  
- Sample  l o s t  

m o o  6 0 %  
N 4 N  I W M %  

'I'ahl e 3 Con ' t . 
S i t e  No. - 
3  
L E  O c c u p a n c y  
2  0  s e a s o n a l  
T e x t u r e  
0 . 5  m s a n d  
1 . 0  m s a n d  
E s t i m a t e d  Avg. No. 
w a t e r  u s e d  r e s i d e n t s  
1 2 0  g p d  2 
TDP 
P P ~  
L y s i m e t e r  No. 1 2  3  4  5  6  7  8  9  1 0  11 
S a m p l e  No. 1. 20  1 9  1 2 0  4 0  - * *  7  0  * *  * *  * * - 
2  2  5  4  5  1 0 0  60  5 0 5  A *  50 * *  * A * * - 
3 1 0 4  1 2 2  * 1 7 7  1 9 0  1 1 2  * *  1 4 2  * * * *  * *  
4  26  5  4 * *  * *  * * 3 3  5 7  4 8  6 0  1 4  - 
5  6  5  9 5  A *  A *  * *  9 0  6 5  6 5  8  0  50  6 5  
6  - - 4  5  * * * A  * X  6 0  9 0  3 0  - 1 4  5  
Mean 4 5 . 5  6 4 . 6  1 1 0  9 2 . 3  3 4 7 . 5  7 3 . 7 5  6 1  7 7 . 5  5 6 . 6  32 1 0 5  
L y s i m e t e r  No. 1 2  3  4  5 6  7  8 - 9 1 0  11 
S a m p l e  No. 1 32  24 3  0 - **  * * A * A *  * A  - 
2  8 6  8 4  0  8  0  * *  1 5 0  * *  * *  ji* 
3 5  5  A 1 0  0  0 A *  550  * *  * *  * *  
4  24 0 * *  * *  * *  3 3  3  9 0 0  8 5 3 0  - 
5  1 5  1 0  * *  .k A * *  9 0  0  1 5 0  0  1 3 5  0  
6  - 1 8  * *  a *  * *  60  - 9 50 5 - 5 
Mean 1 9 . 5  1 4 . 0  4  3  3 . 3  4  3 7 . 5  1 . 5  5 4 0  4 . 3  3 3 2 . 5  2 . 5  

X  % * X  X C O  * * * * % m a  
O N 0  * 
1 -  M I  % 
Lno . . 
0 rl 
T a b l e  3 Con't. 
S i t e  No. 4  c o r l 1 t  
L y s i m e t e r  No. 1 2  3  4  5  6  7  8  9  1 0  
S a m p l e  No. 1 8 6  70  1 0 3  - 1 6 0  7  ;kk * *  t k *  ;k* 
2  1 8 6  1 9 2 ,  6 6 6  450 A 55 * *  * *  A * * *  
.3  1 2 6  1 6 7  - 8  2000  572 * * * *  * *  * *  
4  1 3 0  1 5 0  - 1 5  70  1 7 0  1 7 5  6 0  * *  J;* 
5 1 4 0  1 7 0  490  2  5  1 1 8  60  1 7 0  6 5 0  *.A: * *  
6  k * * * * *  * * 6 0 0  * *  ;k* 327 5  5  4  
7 * * A *  ~ t j l  * *  1 5 0 0  k t :  * *  240 1 9 0  1 3 5  
Mean 1 3 3 . 6  1 4 9 . 8  4 1 9 . 6  1 2 4 . 5  7 4 1 . 3  1 7 2 . 8  1 7 2 . 5  348  1 2 2 . 5  6 9 . 5  
L y s i m e t e r  No. 1 2  3  4  5  6  7  8  9 1 0  
S a m p l e  No. 1 6 . 4  6 . 3  3  5 - 8 0  - *;k * *  * A  * *  
2  4 . 9  4 . 9  4 6 . 0  1 1 . 0  * 36 A *  * *  *J; * *  
3  4 .7  4 . 8  2 7 . 5  9 . 9  6 3 . 0  5 0 . 5  *i * *  * *  * *  
4  4 . 0  4 . 1  - 9 . 2  50 3 1  1 1 . 6  2  5 * *  * *  
5  3 . 5  11.1 1 4  6 . 7  49  3 6  4 . 2  9 . 3  * *  * * 
6  *;k * *  * *  * *  3 . 9  * *  * *  2 . 5  6 . 0  8 . 6  
7  A *  * *  A *  * A  38 * * * *  2 . 6  5 . 7  4 . 3  
Mean 4 . 7  1 7 . 6  2 0 . 1  9 . 2  4 7 . 3  38 .4  7 . 9  9 . 8  5..85 6 . 4  
Table 3 Con't. 
Estimated Avg. No. 
Site No. A x  Occupancy Texture water use (gpd) residents 
5 5 seasonal 0.5 m sandy clay loam 60 
1.0 m clay 
TDP 
PPb 
Lysimeter No. - 1 2 3 4 5 6 7 








Mean 160 7 8 82.8 93 144.7 75.2 160 
Lysimeter No. 1 2 3 4 5 6 7 
Sample No. 1 A 32 - 38 * *  * *  * x 
2 0 1500 200 * 200 * *  * * 
3 * 2560 0 3500 620 .O * A 
4 12 2550 750 4030 530 150 A *  
5 15 3400 * 3500 500 - A *  
6 30 A *  1850 3700 520 33 3700 
7 * R * A  1650 4100 ** 900 8 50 




T a b l e  3 C o n ' t .  
S i t e  No. 
7  
O c c u p a n c y  T e x t u r e  
9 y e a r  r o u n d  0 . 5  m s a n d ( f i l 1 )  
1 . 0  m woody p e a t  
E s t i m a t e d  Avg. No. 
w a t e r  u s e  ( g p d )  r e s i d e n t s  
TDP 
P P ~  
L y s i m e t e r  No. 1 2 3  4  5  6  7  8  9  1 0  11 
S a m p l e N o .  1 1 3 5  1 3 0  1 5 2 0  - 1 0 0 0  - 3 1 2 0  3 4 0  2 2 8 0  A *  * *  
2  2 5 0  1 2 5 0  1 0 8 0  1 2 8 0  1 3 4 4  1 4 7 2 0  3 0 0 0  7 2 0  2200  * *  * A  
3 7  0  * *  8 8 0  8 0 0  - 1 1 8 4 0  1 7 2 0  560  2160  * * * * 
4  1 2 0  t t *  * *  1 0 4 0  3 2 5  9 9 2 0  1 0 0 0  8 0 0  * *  6 4 0  1 2 0 0  - 5 *;k * *  2000  1 0 8 0  9 2 8 0  1 2 4 0  8 4 0  * *  7 6 0  1 2 8 0  
Mean 1 4 3 . 7 5  6 9 0  1 1 6 0  1 2 8 0  9 3 7 . 2 5  1 1 4 4 0  2 0 1 6  652  2 2 1 3 . 3  7 0 0  1 2 4 0  
-Npl'b 
L y s i m e t e r  No. 1 2  3  4 5  6  7  8  9 1 0  11 
S a m p l e  No. 1 A 0  0  - 0  0  0  5  0  A *  * *  
2  1 1 5  0 0  - 1 0  1 0  0  0  0  .A* * *  
3  1 2  * A  5, 1 9 0 0  - 3  1 1 P A * A *  
4 1 2  A * A A 270  6 4 4 2  A 3  6  
5  - * * * k 11 3  2  1 0 * 4 0 
Mean 4 6 . 3  0  1 . 6  7 2 7  7  4 . 7 5  2  1 . 8  . 3  3 . 5  3  
Site No. 7 con't 
NH3 -N 
P P ~  
Lysimeter No. - 1 2 3 4 5 6 7 8 9 10 11 
Sample No. 1 - 7500 6250 19000 15750 - - 16750 11250 A *  A *  
2 450 1320 2530 5500 9790 38500 26400 26400 8800 *J; * A  
3 390 * *  2400 2750 - 26500 21900 11350 7600 * * * *  
4 435 * A  , * *  3900 4350 39600 35200 12300 *.* 6900 7350 
5 - A *  * *  4050 3950 22750 19800 10350 * *  4550 7000 
Lysimeter No. 1 2 3 4 5 6 7 8 9 10 11 
Sample No. 1 17.5 12.0 14.0 4 0 46 82 30 15 8 * *  * *  
2 8.4 20 11.4 4 0 34 65 27 14.8 5.9 * *  * *  
3 11 * A  12 33 - 66 22.5 16.0 2 5 * * * * 
4 4 5 A *  -k * 26 42.5 109 46.0 70 * A 38 18 
5 - * *  A *  30 42.5 60 22.0 14.8 * *  38 18 
Mean 20.5 16.0 12.5 33.8 41.25 76.4 29.5 26.1 13.0 3 8 18 
T a b l e  3 C o n ' t .  




Occupancy T e x t u r e  
y e a r  round 0 . 5  m s a n d  ( f i l l )  
1 . 0  m woody p e a r  
E s t i m a t e d  Avg.  No. 
w a t e r  u s e  (gpd)  r e s  iclellt s 
TDP 
P P ~  
L y s i m e t e r  No. 1 2 3  4 5 6 7 8  
Sample No. 1 135  2400 4080 * *  * *  * *  * *  
2 4 5  150 3840 435 * *  * *  k* * *  
3  - * * - - * *  k* * *  * A  
L y s i m e t e r  No. 1 2 3  4 5  6 7 8  
Sample No. 1 - 65  1 0  5  * *  A *  * *  .i;* 
2 2  220 50 5  * *  * *  A *  A *  
3 - *A - - * *  * *  * *  * * 
4  5 * *  3  6 0  32 2  7 
5  2 5  k *  - 0  2 2 - - 30 
Mean 
c  c  c o o  
c  c  e m 0  
rlm 
00 10m 
m a  O r l  
F N  m43 
cub a m  
00% c c  
o m *  * c  
0 M 
* m o o  
K * C O N  
d a m  

F i g u r e  4 :  Mean N u t r i e n t  C o n c e n t r a t i o n s  
f o r  Samplers  on l lomes i t e s  
L A K E  
M U 9  NITRATE NITROGEN AMMONIA NITROGEN 
n u t r l e n t  
c o n c c n t r  a t  j $nw,s,,33 
TOTAL PfiOSPHORUS CHLORIDE 









groups on the six sitas are given in Table 4. An F-test for the 
equality of variances between both Control v. Far and Near v. Far groups 
showed that in 23 of 40 comparisons, the hypothesis of equal variance 
was rejected at a=.05. The large difference in within group variances 
indicated that a standard T-test would not be an appropriate test for 
the equality of means between groups. The Behrens-Fisher test, which 
does not rely on the assumption of equal variance, showed that in 24 
Control v. Far comparisons the difference in the means between background 
and lakeside groundwater conditions was statistically significant in 
only five cases ( Table 4). 
The data, with such large between group and within group variances, 
does not lend itself to statistical interpretation ( Several sources of 
the sample variance are discussed in Section 1). Several trends in 
groundwater conditions at the sites are evident, however, and are 
discussed below: 
Site 1: 
The septic system is constructed in well drained sandy loam soils 
and is underlain by sand. Two seasonal homes contribute an estimated 
675 gpd of effluent to the drainfield during the summer, the largest 
volume of water use of all sites tested. Concentrations of ammonia 
and nitrate in the groundwater increase by two orders of magnitude 
from background to lakeside levels. The unexpected increase in ammonia 
concentrations from Near to Far samples indicate that Near and Far 
samplers intercept different groundwater tables in the solum. Far 
samplers were located on a steep sideslope a meter below Near samplers, 
and may be influenced by other sources of ammonia than the drainfield. 
Phosphorus concentrations rise much less than ammonia and nitrate but 
the increase is considerable. An isolated zone of algal growth on the 
rocks along the shore may be a response to nutrient loading from the 
septic system. 
Site 2: 
The soil, slope, and groundwater conditions on site 2 are very 
similar to those on site 1. The significant difference between the 
septic systems is the wastewater load. Water use at this site is 
limited to 75 gpd. The septic system here has no significant influence 
on groundwater conditions. 
Site 3: 
Water use at this site is estimated at 130 gpd. The soil is sandy 
and somewhat poorly drained. No significant nutrient loading is apparent. 
Site 4: 
This is a permanently occupied home with a mound system built in 
gravelly sand fill material over an organic soil. Water use is estimated 
at 225 gpd. Drainage ways on three sides of the mound and construction 
on the site make it difficult to determine the direction of groundwater 
flow. Sampler 9 and 10 near the lake indicate that nutrient loading is 
minor. 
Site 5: 
This is a second mound system serving a permanently occupied home. 
This is the only site in the study where clay soils are present. Water 
use was estimated at 60 gpd, the least of all sites. High chloride 
values may reflect inputs from a water softener. Nutrient loading is 
apparently insignificant, but it should be noted that with only one 
6 4 
T a b l e  4 
MEANS f STANDARD DEVIATIGNS OF CONTROL, N E A R ,  
A N D  FAR GROUPS ON HONESITES 1-3,  7-9 * *  
S i t e  No. Group Sampl e r s  TDP ppb N O 7 - N  ppb N H a - N  ppb ppm 
1 Control  1 35.6+ 18.6 92.2+ 78.3 51+ 54.8  1 8 . l f  11.8  
Near 2-6 748f 1015 9870+ 6514 1956t-3353 25.9+ 9 .4  
Far  7-9 190f 260 3002+ 4389 3850f 2720 57.6k 44.7 
" s i g n i f .  X X 
Control  1-2 47.1+ 38.1 54.7+ 34.3 147.5f 52.3 4.5f 1 . 4  
Near 
Far 3-6 70.4+ 36.7 112f 109 144% 79.7 7 .3 t  4 .3  
s i g n i f .  X 
Control  1-2 56.35 36.1 13.4f 10.0 80.92 65.9 10.9f 8 . 8  
Near 3-8 109+ 105 157.4+ 299 500 ,7 t  755 17.3f 27.1 
Far  9-1 1 63.42 42 97.6+ 196.9 168.5i118.7 12.8+ 15.2 
s i g n i f .  
Control 1-2 326k 457 28 t  49 2019f 3088 18.9f 13.4 
Near 3-9 2789t 3754 8 0 t  360 14845+11211 32.9f 23.5 
Far  10-1 1 9702 317 3-25? 2.5 64502 1281 28t  11 .5  
s i g n i f .  
Control  1-2 89-f 49 63k 91 1133+ 2166 332 31 
Near 3-4 3045t1142 12+ 19 10309+5157 32k 20 
Far  5-8 13152 946 26+ 21 5488+ 6970 1 2 t  6.6 
s i g n i f .  X 
Control 1-2 3682 366 553+ 1183 1107t1458 7.6+ 2.2 
Near 3-4 249+ 156 48+ 41 8 3 8 t 9 6 3  1 9 t 5 . 4  
Far  5-6 2552 7 1552 0 192 5 .4  24.72 8 . 3  
s i g n i f .  
*: " X u  i n d i c a t e s  s i g n i f i c a n t  d i f f e r e n c e  i n  Control and - Far means 
determined by Behrens-Fi s h e r  t e s t  ,a = .05 
**distribution of samplers on homesites 4-6 unsuited for 
Control, Near, and Far groupings 
sample r  by t h e  l a k e  ( 7 ) ,  s t a t e m e n t s  a b o u t  g roundwate r  c o n d i t i o n  n e a r  
t h e  l a k e  b e a r  a  l a r g e  measure  of  u n c e r t a i n t y .  
S i t e  6 :  
T h i s  sys tem i s  c o n s t r u c t e d  i n  somewhat p o o r l y  d r a i n e d  s o i l s  h i g h  i n  
o r g a n i c  m a t t e r  w i t h  0 . 5  m o f  sandy  loam on t h e  s u r f a c e .  No samples  were  
c o l l e c t e d  n e a r  t h e  l a k e s h o r e ,  b u t  samples  c o l l e c t e d  a round  t h e  d r a i n f i e l d  
i n d i c a t e d  t h a t  n u t r i e n t  movement t h r o u g h  t h e  o r g a i n i c - r i c h  s o i l  i s  l i m i t e d .  
T h i s  sy s t em i s  l i k e l y  t o  e x p e r i e n c e  s o i l  a b s o r p t i o n  prob lems  when used  
d u r i n g  wet s e a s o n s .  
S i t e  7 :  
T h i s  sys tem h a s  been c o n s t r u c t e d  i n  p o o r l y  d r a i n e d  o r g a n i c  s o i l  w i t h  
0 . 5  m o f  sandy  f i l l  m a t e r i a l  on t h e  s u r f a c e .  The house  i s  o c c u p i e d  y e a r -  
r ound .  C o n t r o l  samples  i n d i c a t e  t h a t  background n i t r o g e n  ( a s  ammonia) 
and phosphorus  l e v e l s  a r e  h i g h  ( 2019 ppb N H 4 - N ,  326 ppb T D P ) .  These  
1 l e v e l s  r i s e  c o n s i d e r a b l y  a round  t h e  d r a i n f i e l d  ( 1 4 , 8 4 5  ppb NH4-N, 2789 
ppb TDP). Low n i t r a t e  l e v e l s  f o r  a l l  g roups  i n d i c a t e  t h a t  t h e  s o i l  i s  
s a t u r a t e d  t h r o u g h o u t ,  i n h i b i t i n g  n i t r i f i c a t i o n .  Ammonia ( 6450) and 
phosphorus  ( 970ppb) c o n c e n t r a t i o n s  r ema in  h i g h  enough t o  i n d i c a t e  s u b -  
s t a n t i a l  n u t r i e n t  l o a d i n g  t o  Bur t  Lake.  
S i t e  8 :  
S o i l  c o n d i t i o n s ,  occupancy ,  and w a t e r  u s e (  150 a r e  s i m i l a r  t o  
s i t e  7 ,  and ammonia and phosphorus  l e v e l s  a r e  s i m i l a r l y  h i g h .  Ammonia 
( 5488 ppb) and phosphorus  ( 1315 ppb) c o n c e n t r a t i o n s  i n  g roundwate r  
samples  n e a r  t h e  l a k e  i n d i c a t e  s u b s t a n t i a l  n u t r i e n t  l o a d i n g .  
S i t e  9 :  
I 
I S o i l  c o n d i t i o n s  and w a t e r  u s e  a r e  s i m i l a r  t o  s i t e s  7 and 8 .  S e a s o n a l  
rather than year-round occupancy has apparently helped the soil maintain 
its nutrient removal capacity, and nutrient loading to Burt Lake is minor. 
C o x e l u s i o n s  
Septic system wastewater disposal led to nutrient contamination of 
groundwater at three of the nine homesites monitored. Sites 7 and 8 
contribute excessive nitrogen ( greater than 10 mg/l Tot-N) and phosphorus 
( greater than 1 mg/l TDP) to Burt Lake. Site 1 contributes substantial 
nitrogen to the lake. 
Large variability of nutrient concentrations in groundwater samples 
generated data that resists statistical interpretation. Groundwater 
quality trends, however, suggest the following relationships: 
Septic systems constructed in fill materials overlying poorly 
drained soils fail to provide adequate treatment of wastewater, even 
under moderate loading conditions. 
Application of large effluent loads ( 675 gpd) result in measurable 
deterioration of groundwater quality, even in soils that are well-suited 
for wastewater disposal and treatment. 
Section I11 
Communication and Management 
Programs 

S e c t i o n  I11 
Communication and Management Programs 
Env i ronmen ta l  communicat ion and management programs f o r  i n l a n d  
l a k e  p r o t e c t i o n  were i n t e g r a t e d  w i t h  s e p t i c  sy s t em r e s e a r c h  e f f o r t s .  
The s cope  o f  t h e s e  programs went beyond t h e  s h o r e l i n e  o f  B u r t  Lake 
and s e p t i c  sy s t em i s s u e s  t o  i n c l u d e  a  b road  spec t rum o f  w a t e r  q u a l i t y  
c o n c e r n s  i n  n o r t h e r n  lower  Mich igan .  
Communication programs aimed a t  enhanc ing  p u b l i c  awarnes s  o f  
l a k e  e c o l o g y ,  t h e  w a t e r  q u a l i t y  s t a t u s  o f  t h e  n o r t h e r n  i n l a n d  l a k e s ,  
and of  how t o d a y ' s  l a n d  u s e  decisions w i l l  p n i n t  t h e  w a t e r  q u a l i t y  
p i c t u r e  o f  t h e  f u t u r e .  The w a t e r  q u a l i t y  awarenes s  message was c a r r i e d  
t h r o u g h  s e v e r a l  c h a n n e l s .  S l i d e  p r e s e n t a t i o n s  b e f o r e  l a k e  a s s o c i a t i o n s ,  
t ownsh ip  b o a r d s ,  and o t h e r  i n t e r e s t e d  g roups  c o v e r e d  such  t o p i c s  a s  
s e p t i c  sy s t em t r e a t m e n t ,  w e t l a n d  e c o l o g y ,  and t h e  r o l e  o f  l a n d  u s e  i n  
e n v i r o n m e n t a l  p r o t e c t i o n .  A number o f  " i n v e s t i g a t i v e  t o u r s "  on a r e a  
l a k e s  s e r v e d  a s  f l o a t i n g  forums where  conce rned  c i t i z e n s  c o u l d  v i ew  
t h e i r  l a k e  and i t s  w a t e r s h e d  f rom a  more w h o l i s t i c  p e r s p e c t i v e .  
E x t e n s i v e  newspaper  c o v e r a g e  o f  t h e  p r o j e c t  h e l p e d  t o  e x t e n d  i d e a s  
and i n f o r m a t i o n  t o  a  l a r g e r  a u d i e n c e .  A sample  o f  newspaper  a r t i c l e s  
a b o u t  t h e  p r o j e c t  a r e  p r e s e n t e d  i n  Appendix 3 .  
Two c o n f e r e n c e s  cosponso red  by t h e  p r o j e c t  and t h e  Reg iona l  " 2 0 8 "  
C leanwa te r  P l a n n e r s  were  h e l d  d u r i n g  t h e  c o u r s e  o f  t h e  p r o j e c t .  4 
c o n f e r e n c e  on w e t l a n d  e c o l o g y  b r o u g h t  t h e  " 2 0 8 "  p l a n n e r s  and r e p r e -  
s e n t a t i v e s  o f  s t a t e  and c o u n t y  a g e n c i e s  and l o c a l  o f f i c i a l s  t o g e t h e r  
t o  d i s c u s s  w e t l a n d  e c o l o g y  and c l a s s i f i c a t i o n ,  t h e  " p r i o r i t y "  w e t l a n d s  
o f  t h e  a r e a ,  and l e g a l  a s p e c t s  o f  w e t l a n d  management. 
A second conference on on-site wastewater system monitoring was 
aimed at state and district health departments. Presentations covered 
a range of monitoring techniques for evaluating septic systems. A 
summary of the conference is presented in Appendix 4. 
Management programs for septic system maintenance and water quality 
monitoring were developed cooperatively with the residents of Burt 
Lake. A group of homeowners in the septic system maintenance program 
contracted to have their septic tanks pumped on a regular basis. The 
tests involved in the water quality monitoring program include secchi 
disc readings and chlorophyll a and dissolved oxygen measurements. 
Pamphlets describing these programs are presented in Appendix 5. 
Pamphlets on greenbelts and zoning were also published. 
Inland Lakes Expo '78 was the culminating event of the education 
and management programs. "Expo" was a water quality carnival where 
workshops and displays on lake ecology, wastewater treatment, community 
strategies for lake protection, and several other water quality topics 
were opened to the northern Michigan community. A copy of the Inland 
Lakes Expo schedule and newspaper articles covering the event are 
presented in Appendix 3. 
The response to these programs was a clear indication of the 
public's committment to protect the quality of their water resources. 
The project aimed at helping the public and the area agencies concerned 
with water quality to develop their interests and carry them through 
to implementation as ongoing water quality protection programs. 
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Phosphorus Contamination o f  Water 
Samples C o l l e c t e d  with Porous 
Ceramic Cups 

Appendix 2 A  
Phosphorus Contamination of Water Samples 
Collected with Porous Cups 
F o r e w a r d  
Studies done by Hansen and Harris (1974) have indicated the 
possibility that phosphorus may be removed from groundwater samples 
because of adsorption and physical screening processes taking place 
in the ceramic cup portion of tension lysimeters. If this were the 
case, our analysis of nutrient concentrations in groundwater samples 
taken from this type of lysimeter could underestimate the amounts of 
phosphorus present. Consequently, I have tested new ceramic cups to 
find out what influence they have on nutrient concentrations. This 
report will present my experimental findings that unused ceramic cups 
contain extractable contaminant phosphorus, and contribute, as well 
as remove, phosphorus from water samples. Recommendations for further 
study, aimed at finding an improved ceramic cup cleaning procedure, 
are also given. 
Summary 
Based upon the results of laboratory tests conducted by Hansen and 
Harris (1974), an experiment was performed to determine the extent that 
ceramic cups remove phosphorus from groundwater samples obtained with 
tension lysimeters. The following results and conclusions were obtained 
from this test: 
1. New ceramic cups actually contain phosphorus, contributing 
phosphorus to groundwater samples instead of removing it as 
expected from Hansen and Harris. 
2 .  Washing o f  t h e  c e r a m i c  cup  e x t r a c t s  some c o n t a m i n a t i n g  
phosphorus .  
3 .  Washing w i t h  d i l u t e  a c i d  removes more e x t r a c t a b l e  phosphorus  
t h a n  d o e s  wash ing  w i t h  d e i o n i z e d  w a t e r  o n l y .  
4 .  P r e s e n t  c l e a n i n g  p r o c e d u r e s  ( d i l u t e  a c i d  wash ing)  a r e  n o t  
s u f f i c i e n t  t o  remove c o n t a m i n a t i n g  phosphorus  from t h e  c e r a m i c  
c u p s .  
5 .  F u r t h e r  e x p e r i m e n t s  need t o  be conduc t ed  t o  d e t e r m i n e  a  s u i t -  
a b l e  c l e a n i n g  p r o c e d u r e  f o r  t h e  removal  o f  phosphorus  f rom 
c e r a m i c  c u p s .  
Methods  
P r e p a r a t i o n s :  1. Unwashed: none .  
2 .  De ion i zed  w a t e r  wash:  Soak 3  t i m e s  f o r  1 h r .  e ach  
i n  d e i o n i z e d  w a t e r .  
3 .  D i l u t e  a c i d  wash:  Soak 1 h r .  i n  1 0 %  H C 1 ,  f o l l o w e d  
by 3 ' t i m e s ,  1 h r ,  e ach  i n  d e i o n i z e d  w a t e r .  
O r t h o p h o s p h a t e  S o l u t i o n  C o n c e n t r a t i o n s :  1. 50 ppb 
2 .  300 ppb 
Sample Times:  1. Immedia te ly  p r i o r  t o  t h e  t i m e  t h a t  t h e  c e r m i c  cup 
was p l a c e d  i n  s o l u t i o n .  
2 .  Immedia te ly  a f t e r  t h e  t i m e  t h a t  t h e  c e r a m i c  cup was 
p l a c e d  i n  s o l u t i o n .  
3 .  A f t e r  1 h o u r .  
4 .  A f t e r  4  h o u r s .  
5 .  A f t e r  1 2  h o u r s .  
6 .  A f t e r  24 h o u r s .  
Results and  Discussion 
The effects of nutrient retention by ceramic cup tension lysimeters 
was initially examined by Hansen and Harris in 1974. Of significance 
to our current groundwater monitoring program, was their discovery 
that phosphate anions adsorb to excess calcium and magnesium cations 
located on the surfaces of ceramic cups. This process, in conjunction 
with physical screening of phosphorus molecules because of the small 
ceramic cup pore sizes, could result in the underestimation of the 
phosphorus content in groundwater samples obtained with a ceramic cup 
tension lysimeter. For this reason, new ceramic cups were tested to 
determine the magnitude of error that could be expected in our phos- 
phorus analysis of samples taken from these lysimeters. 
Twelve identical, new ceramic cups (1.5 inch diameter, 1 micron 
pore size) were placed in beakers containing 500 ml of solution. 
The ceramic cups were prepared by three different washing procedures 
( unwashed, water washed, and dilute acid washed), and then placed 
into solutions containing two different concentrations of ortho- 
phosphate ( 50 ppb and 300 ppb). Each combination of preparation and 
solution concentration was run in duplicate. Two additional ceramic 
cups were placed unwashed in 500 ml of deionized water to serve as 
a control. 
Six 10 ml samples were taken from each beaker at times ranging 
from just before the cup was placed in solution until 24 hours after- 
wards. The samples were analyzed for phosphate concentrations with 
a Technicon Autoanalyzer 11, utilizing Standard Methods. 
The results of the analysis are given in Table 5 as phosphate 
concentration in parts per billion ( average of duplicate samples). 
The following observations can be made from this date: 
1. All solutions were found to significantly increase in 
phosphate concentration instead of decreasing as was 
expected. Even the control, in which there was no phos- 
phorus initially present in the solution, contained 
large quantities of phosphate after 24 hours. 
2 .  Washed cups yielded less phosphate than unwashed cups. 
3. Acid washed cups contributed less contaminating phos- 
phorus than did water washed cups. 
4. None of the procedures tested removed all of the 
extractable phosphorus from the ceramic cups. 
From these results it can be concluded that new ceramic cups 
contain phosphorus, and that washing the cups removes some of this 
phosphorus, acid washing being more effective than water washing. 
However, the acid wash procedure, which is currently in use, is not 
totally effective and should be meliorated. In order to find an 
improved cleaning procedure for ceramic cups, further testing needs 
to be designed with the following questions being considered: 
1. How long does it take for the phosphorus in the ceramic 
cup to come to equilibrium with the phosphorus in solution 
( for solution concentrations from 0 ppb to 1000 ppb)? 
2. How many one hour rinses in deionized water are required 
to remove all of the extractable phosphorus contained in 
the ceramic cup? 
3 .  What affect does the use of a stronger acid ( hot 1:l HC1) 
have on the removal of phosphorus from the ceramic cup? 
Table 5 
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Appendix  2 B  
Copper Tub ing  I n t e r f e r e n c e  o f  P h o s p h o r u s  A n a l y s e s :  
An Improved P o r o u s  Ceramic  Cup T e n s i o n  
L y s i m e t e r  U s i n g  P o l y e t h y l e n e  T u b i n g  
Foreward  
V i r t u a l l y  a l l  t e n s i o n  l y s i m e t e r s  i n  u s e  t o d a y  u t i l i z e  c o p p e r  
t u b i n g  f o r  t h e  r emova l  o f  g r o u n d w a t e r  s a m p l e s  c o l l e c t e d  by t h i s  
d e v i c e .  However,  t h e  c o p p e r  t u b i n g  t o  be  u s e d  i n  o u r  l y s i m e t e r s  
was f o u n d  t o  i n t e r f e r e  w i t h  o u r  p h o s p h o r u s  d e t e r m i n a t i o n s .  B e c a u s e  
o f  t h i s  r e c e n t  d i s c o v e r y ,  f a b r i c a t i o n  o f  o u r  m a j o r  g r o u n d w a t e r  
s a m p l i n g  d e v i c e s ,  c e r a m i c  c u p  t e n s i o n  l y s i m e t e r s ,  h a s  h a l t e d .  I f  
we a r e  t o  p r o c e e d  w i t h  o u r  g r o u n d w a t e r  n u t r i e n t  m o n i t o r i n g  p r o j e c t ,  
a n  a l t e r n a t i v e  t y p e  o f  t u b i n g  mus t  b e  u s e d .  We c u r r e n t l y  h a v e  s u f f i -  
c i e n t  q u a n t i t i e s  o f  p o l y e t h y l e n e  t u b i n g  i n  s t o c k  t o  u s e  i n s t e a d  o f  
t h e  p r o p o s e d  c o p p e r  t u b i n g .  But t h e r e  e x i s t s  some e v i d e n c e  i n  r e l e -  
v a n t  l i t e r a t u r e  t h a t  p o l y e t h y l e n e  s h o u l d  n o t  b e  u s e d  i n  c o n j u n c t i o n  
w i t h  p h o s p h o r u s  a n a l y s e s ,  b e c a u s e  i t  may e x t r a c t  t h e  p h o s p h o r u s  o u t  
o f  s o l u t i o n ,  l e a d i n g  t o  i n a c c u r a t e  c o n c e n t r a t i o n  m e a s u r e m e n t s .  
C o n s e q u e n t l y ,  I h a v e  t e s t e d  t h e  p o l y e t h y l e n e  t u b i n g  t o  f i n d  o u t  wha t  
i n f l u e n c e  i t  h a s  on p h o s p h o r u s  c o n c e n t r a t i o n s .  T h i s  r e p o r t  w i l l  
p r e s e n t  my e s p e r i m e n t a l  f i n d i n g s  t h a t  p o l y e t h y l e n e  t u b i n 9  d o e s  n o t  
s i g n i f i c a n t l y  remove p h o s p h o r u s  f rom w a t e r  s a m p l e s  d r a m  t h r o u g h  t h e  
t u b i n g .  I t  a l s o  recommends t h e  u s e  o f  p o l y e t h y l e n e  t u b i n g  i n s t e a d  o f  
c o p p e r  t u b i n g  i n  o u r  t e n s i o n  l y s i m e t e r s .  
Stimrnaz- y 
To a s s e s s  the f e a s i b i l i t y  o f  u s i n ?  po l ! - e thy lene  i n s t e a d  o f  c o p p e r  
tubing for removing water samples from tension lysimeters, an experi- 
ment was conducted to determine the extent to which phosphorus is 
extracted from solution by polyethylene tubing. Phosphorus solutions 
of a known concentration were drawn through polyethylene tubing and 
the collected samples were analyzed for their phosphorus contents. 
The following results , conclusions, and recommendat ion were 
derived from this test: 
Results : In a solution of phosphorus content, no significant 
difference was found after it was drawn through a 
polyethylene tube than from before it was drawn 
through. 
Conclusions: 1. Polyethylene tubing does not interfere with concentra- 
tion measurements due to the extraction of phosphorus 
from water samples. 
2. Polyethylene tubing is preferable to copper tubing 
for use in tension lysimeters when phosphorus measure- 
ments will be conducted from the collected samples. 
Recommendation: Construct ceramic cup tension lysimeters that will be 
used for nutrient analysis with the polyethylene tubing 




1. Unwashed: Sone 
2. Deionized water-washed ( minimal cleaning procedure): Draw 500 
m l  d e i o n i z e d  w a t e r  t h r o u g h  t u b i n g .  
3 .  D i l u t e  a c i d - w a s h e d  ( s t a n d a r d  c l e a n i n g  p r o c e d u r e  t o  remove 
a d s o r b e d  i o n s ) :  d raw 3 0 0  m l  1 0 %  H2S04 t h r o u g h  t u b i n g  f o l l o w e d  
by 5 m l  d e i o n i z e d  w a t e r .  
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S J d 4 P L X  TIbZS  -
Sample 3 
Volume ( r n l . )  
Cumula t ive  
Volume (ml.) 
ResuZts and Discussion 
The knowledge  t h a t  t h e  c o p p e r  t u b i n g  we now h a v e  on  hand  i n t e r -  
f e r e s  w i t h  p h o s p h o r u s  a n a l y s i s  h a s  h a l t e d  t h e  c o n s t r u c t i o n  o f  o u r  
m a j o r  g r o u n d w a t e r  s a m p l i n g  d e v i c e s ,  c e r a m i c  c u p  t e n s i o n  l y s i m e t e r s .  
T h i s  s p e c i f i c  c o p p e r  t u b i n g  h a s  b e e n  u s e d  p r e v i o u s l y  i n  t h e  same t y p e  
o f  s a m p l i n g  i n s t r u m e n t ,  s o  i t  i s  unknown a s  t o  w h e t h e r  t h e  c o n t a m i -  
n a t i o n  i s  d u e  t o  p h o s p h o r u s  a d s o r b e d  d i r e c t l y  t o  t h e  i n s i d e  o f  t h e  
t u b i n g ,  t o  c o r r o s i o n  i n  t h e  t u b i n g ,  o r  t o  p o s i t i v e  i n t e r f e r e n c e  o f  
t h e  a n a l y t i c a l  method u s e d  by t h e  c o p p e r  i t s e l f .  Of most  i m p o r t a n c e ,  
h o w e v e r ,  i s  t o  f i n d  a n  a l t e r n a t i v e  t y p e  o f  t u b i n g  t h a t  c a n  b e  u s e d  
w i t h o u t  i n t e r f e r i n g  w i t h  o u r  n u t r i e n t  d e t e r m i n a t i o n s .  T h i s  h a s  b e e n  
d o n e  a s  r a p i d l y  a s  p o s s i b l e  t o  a v o i d  any  f u r t h e r  d e l a y  i n  t h e  c o n -  
s t r u c t i o n  o f  l y s i m e t e r s .  
We now have in stock ample amounts of polyethlene tubing which 
could be used in place of the copper tubing. However, it has been 
suggested in the literature that polyethylene could extract large 
amounts of phosphorus from solution, leading to an underestimation 
of the phosphorus concentration present. This is most commonly 
noted with regard to storing samples in polyethlene bottles since 
the phosphorus adsorbs to the bottles's walls when they are in con- 
tact for long periods of time ( APHA, S t a n d a r d  ~ e t h o d s ,  14th ed.). 
Yet, because the water samples are in contact with the tubing only 
the short time each sample is being removed from the lysimeter, the 
affect of adsorption onto the polyethylene is not expected to be as 
great as when storing samples in plastic bottles. This was found to 
.be the case through the following experimental procedure. 
A solution of orthophosphate ( 40 ppb PO4-P) held in a 10 liter 
glass container was drawn through each of six equal leng s ( 1 meter) 
of new polyethylene tubing ( 3/16 inch O.D.) with a hand-operated 
vacuum pump. Each tube was prepared by one of three washing pro- 
cedures ( unwashed, deionized water-washed, and dilute acid-washed), 
in case the polyethylene tubing contained phosphorus from the manu- 
facturing process. Each procedure was done in duplicate to detect 
any variation within the experimental method that may be present. 
Deionized water was drawn thi.ough two additional lengths of unwashed 
tubing to serve as a control. Also one sample was taken before and 
one after directly from the large container to see if the concentration 
within this container, and thus the initail concentration of each 
sample, changed with time. 
Four 25 ml samples were taken from each tube after specific 
volumes had already been drawn through. These volumes ranged from 
the initial 25 ml to 25 ml after 500 ml had already been pumped 
through the tubing. This range corresponds to the approximate size 
of a sample actually collected in the field by a tension lysimeter. 
The samples were analyzed for phosphate concentrations with a Tech- 
nicon Autoanalyzer I 1  utilizing the ascorbic acid method following 
S t a n d a r d  M e t h o d s .  
M e t h o d s  
The results of the analysis are given in Table 7 as phosphate 
concentrations in parts per billion. Means, standard deviations, 
and relative standared deviations are also given. The following 
observations can be made frcm this data: 
1. All measurements were statistically consistant over volume 
of sample drawn, within the error of the analytical machinery 
used. 
a. The relative standard deviation of the ascorbic acid analytic 
procedure is 4.0 - 5.2% ( ALPHA, S t a n d a r d  J ! e t h ~ d ~ ,  14th ed.). 
b. All relative standard deviations are within this procedural 
range ( except for the control). 
c. The small mean of the control makes the large relative 
standard deviation meaningless in this case. That is, it 
does not indicate a large variation in this data. 
2. No significant difference is seen between the various 
washing procedures, or between the various washins procedures 
and the entire sample set. 
3 .  The c o n c e n t r a t i o n  w i t h i n  t h e  g l a s s  c o n t a i n e r  has  no t  changed 
ove r  t ime  s i g n i f i c a n t l y .  
4 .  D u p l i c a t e  d a t a  p o i n t s  a r e  w i t h i n  t h e  expec ted  d e v i a t i o n  r a n g e .  
From t h e s e  r e s u l t s  i t  can  be concluded t h a t  phosphorus  d e t e r m i n a t i o n s  
w i l l  no t  be n o t a b l y  a f f e c t e d  by u s i n g  po lye thy le .ne  t u b i n g  t o  e s t r a c t  
samples  from t h e  l y s i m e t e r s .  P o l y e t h y l e n e  t u b i n g  i s  t h u s  a  p r e f e r a b l e  
a l t e r n a t i v e  t o  copper  t u b i n g  i n  groundwater  sampling d e v i c e s  used  f o r  
n u t r i e n t  a s s e s s m e n t .  Consequen t ly ,  we s h o l d  r e i n i t i a t e  l y s i m e t e r  
f a b r i c a t i o n ,  s u b s t i t u t i n g  t h e  p o l y e t h y l e n e  t u b i n g  we have i n  s t o c k  f o r  
t h e  copper  t u b i n g  o r i g i n a l l y  p roposed .  
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Appendix 2 C  
Phosphorus  Analyses  I n t e r f e r e d  w i t h  
by High  D i s s o l v e d  Copper (11) 
Ion  C o n c e n t r a t i o n s  

Appendix 2C 
Phosphorus Analyses Interfered with by High 
Dissolved Copper (11) Ion Concentrations 
Foreward 
The copper tubing in our tension lysimeters has been recentl). 
replaced with polyethylene tubing, because the copper tubing that was 
originially to be used was found to interfere positively with our 
phosphorus determinations. The reason why coprer leads to higher 
phosphorus results than are actually present, and the true cause of 
the interference, are not precisely known. Nevertheless, because of 
the widespread use of copper tubing in lysimeters for groundwater 
sampling and nutrient analyses, it is important to find the exact 
source of contamination. I have postulated that a possible source of 
the exaggerated results comes from copper ions that have desorbed from 
the copper surface into the sample solution, which, when tested, absorb 
light at the wavelength for phosphorus determinations (880 nm), 
interfering with the analytic method. To test this hypothesis, I have 
analyzed solutions of copper (11) ions ( c u 2 + )  by standard phosphorus- 
determining analytic methods. This report will present my experimental 
findings that copper (11) ions at hi2h concentrations increase 
phosphorus analytic results. Further study to find the extent that 
cu2' desorbs from the copper tubing into solution, and to examine 
other possible contamination sources are recommended. 
S u m m a r ~ y  
The positive interference from copper tubing in phosphorus 
d e t e r m i n a t i o n s  by au tomated  s p e c t r o p h o t o m e t r i c  methods ha s  been 
h y p o t h e s i z e d  t o  be  due t o  coppe r  (11) i o n s  d e s o r b e d  from t h e  t u b i n g  
s u r f a c e .  b l i x t u r e s  of  known p h o s p h a t e  and C U ~ +  c o n c e n t r a t i o n s  were 
measured f o r  p h o s p h a t e  p r e s e n t .  Copper (11) was found t o  i n c r e a s e  
t h e  p h o s p h a t e  r e s u l t s ,  i n  acco rdance  w i t h  B e e r ' s  Law, o v e r  t h e  amounts 
t h a t  were  a c t i ~ a l l y  p r e s e n t .  High c o n c e n t r a t i o n s  of  c u 2 +  a r e  conc luded  
t o  i n t e r f e r e  w i t h  t h i s  a n a l y t i c  method.  However, i t  has  n o t  been 
shown t h a t  t h e  t h e o r e t i c a l  methods  f o r  t h e  f o r m a t i o n  and d e s o r p t i o n  
o f  c u 2 +  from t h e  s u r f a c e  o f  t h e  t u b i n g  can  a c t u a l l y  a c c o u n t  f o r  a  
l a r g e  enough c o p p e r  (11) i o n  c o n c e n t r a t i o n  i n  s o l u t i o n  t o  e x p l a i n  t h e  
i n t e r f e r e n c e  s e e n .  F u r t h e r  s t u d y  shou ld  be  u n d e r t a k e n  t o  d e t e r m i n e  t h e  
e x t e n t  t o  v h i c h  c u 2 +  d e s o r b s  i n t o  s o l u t i o n ,  and t o  i n v e s t i g a t e  p o s s i b l e  
o t h e r  c o n t a m i n a t i o n  s o u r c e s .  
introduction 
V i r t u a l l y  a l l  t e n s i o n  l y s i m e t e r s  i n  u s e  t o d a y  u t i l i z e  coppe r  
t u b i n g  f o r  t h e  removal  o f  g roundwate r  samples  c o l l e c t e d  by t h i s  d e v i c e  
i n  p r e p a r a t i o n  of  n u t r i e n t  a n a l y s e s .  However, t h e  coppe r  t u b i n g  we 
v e r e  t o  u s e  was found t o  l e a d  t o  h i g h e r  t h a n  normal  phosphorus  meas- 
u r emen t s  when a n a l y s e s  were  made by t h e  au tomated  a s c o r b i c  a c i d  
r e d u c t i o n  method i n  a c c o r d a n c e  w i t h  Stnndard Methods. As a  r e s u l t ,  
we t e s t e d  p o l y e t h y l e n e  t u b i n g  and now u s e  i t  a s  a  v i a b l e  a l t e r n a t i v e  
t o  coppe r  t u b i n g .  Yet t h e  problem o f  c o n t a m i n a t i o n  from copper  t u b i n g  
may n o t  be u n i v e r s a l .  I t  may be  p r e s e n t  o n l y  i n  o l d  t u b i n z ,  o r  p e r h a p s ,  
o n l y  i n  o u r s .  N e v e r t h e l e s s ,  because  o f  t h e  common u s e  o f  copper  i n  
l y s i m e t e r s ,  and because  few l y s i m e t e r - u s e r s  r e a l i z e  t h i s  p o t e n t i a l  
s o u r c e  o f  e r r o r  i n  phosphorus  d e t e r m i n a t i o n s ,  i t  i s  n e c e s s a r y  t o  f i n d  
t h e  s o u r c e  o f  c o n t a m i n a t i o n  c o n t a i n e d  i n  t h e  c o p p e r  t u b i n g .  
The o b j e c t  o f  t h i s  s t u d y  i s  t o  f i n d  o u t  i f  t h e  p o s i t i v e  i n t e r f e r e n c e  
c o u l d  b e  caused  by coppe r  (11) i o n s  d i s s o l v e d  i n  s o l u t i o n ,  assuming  
t h a t  a  mechanism e x i s t s  f o r  c u 2 +  t o  be  formed a t  t h e  s u r f a c e  and t r a n s -  
p o r t e d  i n t o  s o l u t i o n .  T h i s  r e p o r t  w i l l  b r i e f l y  e x p l a i n  t h e  b a s i s  and 
t h e o r y  beh ind  c u 2 +  b e i n g  t h e  e x p e c t e d  s o u r c e  o f  i n t e r f e r e n c e .  I t  w i l l  
t h e n  p r e s e n t  t h e  e x p e r i m e n t a l  p r o c e d u r e ,  r e s u l t s ,  and c o n c l u s i o n s ,  
f o l l o w e d  by recommendat ions  f o r  f u r t h e r  s t u d y .  
Background 
The problem of  coppe r  t u b i n g  l e a d i n g  t o  h i g h e r  phosphorus  measure -  
ments  t h a n  a c t u a l l y  p r e s e n t  became a p p a r e n t  d u r i n g  a  p r e v i o u s  q u a l i -  
t a t i v e  s t u d y  t o  d e t e r m i n e  i f  coppe r  removed phosphorus  o u t  o f  s o l u t i o n  
by a d s o r p t i o n .  The t e s t  became q u a l i t a t i v e  when t h e  c o n t a m i n a t i o n  
d rove  t h e  r e s u l t i n g  measurements  above t h e  r a n g e  o f  t h e  a n a l y t i c  
equipment  ( a u t o a n a l y z e r ) .  T h i s  l e d  t o  a s e a r c h  f o r  s u i t a b l e  a l t e r n a t i v e  
m a t e r i a l s  f o r  removing samples  f rom l y s i m e t e r s .  P o l y e t h y l e n e  t u b i n g  
was found t o  be  a  s a t i s f a c t o r y  s u b s t i t u t e  and r e p l a c e d  t h e  coppe r  t u b i n ? .  
The c o n t a m i n a t i o n  was unexpec t ed  s i n c e  b o t h  t h e  Env i ronmen ta l  
P r o t e c t i o n  Agency and t h e  American P u b l i c  H e a l t h  A s s o c i a t i o n  S t a n d a r d  
J le thods ,  a s  w e l l  a s  a  r e p r e s e n t a t i v e  f rom Technicon  I n s t r u m e n t s  Corp-  
o r a t i o n ,  i n d i c a t e d  t h a t  t h e r e  s h o u l d  be  no i n t e r f e r e n c e  due t o  t h e  
c o p p e r .  However, t h e y  r e f e r  t o  low c o n c e n t r a t i o n s  o f  coppe r  - -  l e s s  
t h a n  10 ppm (APHA). Such low c o n c e n t r a t i o n s  a r e  found i n  most  n a t u r a l  
w a t e r s .  But where w a t e r  samples  come i n  d i r e c t  c o n t a c t  w i t h  c o p p e r ,  
as in the lysimeter, much higher cu3 concentrations can be antici- 
pated to be dissolved in solution. 
For cu2+ to positively interfere with the phosphorus measurements, 
it must absorb light at the wavelen~th used for phosphorus determi- 
nations (580 nm), since the concentrations are measured by spectro- 
photometric methods. The copper (11) ion is blue and will absorb 
light at some wavelengths in accordance to Beer's Law. The extent 
to which it absorbed light at 850 nm was unknown, but was expected to 
be small since cu2+ was not supposed to interfere significantly with 
the method. 
Pletalic copper (Cu) is essentially insoluble in water and must be 
oxidized before it can be dissolved in water. This is done in the 
presence of oxygen by the thermodynamically favorable reactions (CRC): 
Copper (I) : 2Cu + +02 = Cu20 H = -40.5 kcal/g-mole 
Copper (11) : Cu + $02 = CuO H = -37.7 kcal/g-mole 
Cu20 and CuO are also mostly insoluble, but may, by various complicated 
corrosion reactions, be converted into soluble species. One important 
end-product, CuS04, is the predominant species in the green patina 
commonly found on old copper (Leidheiser). CuS04 has been used in this 
study as the source of copper (11) ions. 
Z z p e r i m e n t a l  N e t h o d s  
Slixtures of varying concentrations of orthophosphate and copper 
(11) were mixed together and analyzed for phosphate concentrations with 
a Technicon Autoanalyzer I1 (Technicon Instrument Corp., Tarrytown, 
N.Y.), utilizing the ascorbic acid reduction method following S t a n d a r d  
Methods. Three concentrations of phosphate were used in combination 
with sixteen concentrations of copper (11). Each combination was 
prepared in triplicate to detect variations within the experimental 
method. All glassware for solutions was prepared by washing it with 
10% H2S04 and rinsed four times with deionized water to remove all 
contaminating residual ions. 
ResxZts and ConcZusions 
The results of the analyses are given in Figure 7 as parts per 
billion phosphate phosphorus measured along the ordinate. Each re- 
gression line represents a fixed concentration of phosphate with 
varying concentrations of copper (11) in parts per million along the 
abscissa. The following observations are derivable from the regression 
lines on the graph: 
1. The phosphate measurements are all increasing 1,-ith increasing 
copper (11) ion concentration, with the actual phosphate con- 
centration held constant. 
2. The copper (11) ion concentration-phosphate measurement curves 
are all statistically linear with a correlation coefficient, 
r=.99 for each phosphate concentration. 
3. The slopes of the lines are approximately the same (m=.40, 
m=.40, and m=.41). 
4. The copper (11) ion concentrations that are needed to increase 
the phosphate reading in the range of parts per billion are 
very large (parts per million range). 
From these observations copper (11) are concluded to absorb light 

a t  t h e  w a v e l e n g t h  u s e d  i n  t h i s  p h o s p h a t e  a n a l y t i c a l  p r o c e d u r e  (880  nm),  
and c o u l d ,  a t  h i g h  enough c o n c e n t r a t i o n s ,  i n t e r f e r e  p o s i t i v e l y  w i t h  
p h o s p h o r u s  a n a l y s e s .  The f i r s t  t h r e e  o b s e r v a t i o n s  a r e  a s  e x p e c t e d  
f rom t h e  a s s u m p t i o n  t h a t  c o p p e r  ( 1 1 )  i o n s  a b s o r b  l i g h t  a t  a  w a v e l e n g t h  
o f  880 nm a c c o r d i n g  t o  B e e r ' s  Law. However,  t h e s e  r e s u l t s  o n l y  i n d i c a t e  
t h a t  c o p p e r  (11)  i o n s  c a n  i n t e r f e r e  w i t h  t h e  p h o s p h o r u s  a n a l y t i c  p r o -  
c e d u r e ,  and n o t  t h a t  c o n c e n t r a t i o n s  w i l l  e v e r  r e a c h  t h e s e  l e v e l s  f rom 
c o n t a c t  w i t h  c o p p e r  t u b i n g .  C o n s e q u e n t l y ,  t h e  f o u r t h  o b s e r v a t i o n  
n e c e s s i t a t e s  t h e  s u b s t a n t i a t i o n  t h a t  enough c u 2 +  c a n  d e s o r b  f r o m  t h e  
t u b i n g  t o  c a u s e  t h e  i n c r e a s e d  p h o s p h a t e  r e a d i n g s  f o u n d  w i t h  t h e  c o p p e r  
t u b i n g .  
B e e r ' s  Law t h e o r i z e s  t h a t  t h e  l i n e a r  r e l a t i o n  shown by t h e s e  r e s u l t s  
c a n  b e  e x t e n d e d  down t o  a  c u L f  c o n c e n t r a t i o n  o f  z e r o .  Thus e v e n  t h e  
s l i g h t e s t  amount o f  c o p p e r  (11)  i o n s  p r e s e n t  w i l l  add  t o  t h e  p h o s p h a t e  
r e a d i n g ,  y e t  t h e  e f f e c t  a t  low c o n c e n t r a t i o n s  w i l l  b e  u n d e t e c t a b l e  d u e  
t o  e x p e r i m e n t a l  v a r i a b i l i t y  and  t h e  l i m i t s  o f  e x p e r i m e n t a l  p r e c i s i o n .  
RecommenJations for Further Study 
Copper t u b i n g  u s e d  i n  l y s i m e t e r s  l e a d s  t o  e x a g g e r a t e d  p h o s p h o r u s  
c o n c e n t r a t i o n s  i n  s a m p l e s  t a k e n  f rom t h o s e  l y s i m e t e r s .  B e c a u s e  o f  
t h e  p r e v a l e n t  u s e  o f  c o p p e r  t u b i n s  f o r  l y s i m e t e r s ,  i t  i s  i m p o r t a n t  t o  
f i n d  t h e  s o u r c e  o f  c o n t a m i n a t i o n  i n  t h e  t u b i n g .  E x p e r i m e n t a l  e v i d e n c e  
i n  t h i s  r e p o r t  h a s  shown t h a t  i f  c o p p e r  (11) i o n s  a r e  p r e s e n t  i n  l a r g e  
enough c o n c e n t r a t i o n s ,  a  h i g h e r  p h o s p h a t e  c o n c e n t r a t i o n  i s  d e t e c t e d  
t h a n  i s  a c t u a l l y  p r e s e n t .  T h e o r e t i c a l  i n f o r m a t i o n  h a s  b e e n  p r e s e n t e d  
on how t h e  c u 2 +  c o u l d  h a v e  g o t t e n  i n t o  s o l u t i o n .  I t  h a s  n o t  b e e n  shown,  
however ,  t h a t  t h e  t h e o r e t i c a l  mechanisms a r e  s u f f i c i e n t  t o  p roduce  
enough i o n s  t o  c a u s e  t h e  i n c r e a s e s  shown i n  t h e  l a b o r a t o r y  t e s t .  
F u r t h e r m o r e ,  o t h e r  p o s s i b l e  s o u r c e s  o f  c o n t a m i n a t i o n  have n o t  been 
t h o r o u g h l y  examined.  These  i n c l u d e :  
1. Adsorbed p h o s p h a t e  o r  o t h e r  forms o f  phosphorus  t h e m s e l v e s .  
2 .  O t h e r  l i g h t - a b s o r b i n g  m o l e c u l e s  t h a t  c o u l d  a d h e r e  t o  t h e  
coppe r  and t h e n  be  removed when w a t e r  i s  drawn t h r o u g h  t h e  
t u b i n g .  
I n  o r d e r  t o  d e f i n i t i v e l y  i d e n t i f y  t h e  s o u r c e  o f  c o n t a m i n a t i o n  
form t h e  c o p p e r  t u b i n g  and t o  e v a l u a t e  t h e  f u t u r e  u s e  o f  copper  
t u b i n g  i n  t e n s i o n  l y s i m e t e r s ,  t h e  f o l l o w i n g  q u e s t i o n s  shou ld  be  
a d d r e s s e d :  
1. How much c u 2 +  d o e s  t h e  coppe r  t u b i n g  a c t u a l l y  d e s o r b  i n t o  
s o l u t i o n ?  Does t h i s  amount c o r r e s p o n d  t o  a  d e t e c t a b l e  
l e v e l  a s  shown i n  t h i s  r e p o r t ?  
2 .  What o t h e r  c o n t a m i n a n t s  i n s i d e  t h e  coppe r  t u b i n g  c o u l d  
l e a d  t o  t h e  h i g h  p h o s p h a t e  r e a d i n g s ?  Do f e a s i b l e  
mechanisms e x i s t  f o r  t h e s e  c o n t a m i n a n t s  t o  r e a c h  l e v e l s  
i n  s o l u t i o n  g r e a t  enough t o  c a u s e  p o s i t i v e  i n t e r f e r e n c e ?  
3 .  How does  new coppe r  t u b i n g  a f f e c t  phospha t e  a n a l y s e s ?  
Copper Tubing I n t e r f e r e n c e  of  Phosphorus  A n a l y s e s ,  memo, 
F e b r u a r y  7 ,  1 9 7 9 ,  B .  M a r s h a l l  
P o l y e t h y l e n e  Tubing t o  Rep lace  Copper Tubing i n  Tens ion  
L y s i m e t e r s ,  r e p o r t ,  F e b r u a r y  1 5 ,  1979 ,  B .  M a r s h a l l  
American P u b l i c  H e a l t h  A s s o c i a t i o n ,  Standard Methods for 
the Examination of water and Wastewater, 1 4 t h  e d . ,  1976 .  
U.S. Environmental Protection Agency, Methods f o r  Chemical  
A n a l y s e s  o f  Water and W a s t e s ,  1976. 
Technicon Instruments Corporation representative, Mike 
Pemberton: Phone interview, June 15, 1978. 
Leidheiser, Henry, The C o r r o s i o n  o f  Copper ,  T i n ,  and T h e i r  
A l l o y s ,  John Wiley and Sons, 1971. 
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Project CLEAR Offers On My Mind- 
Hope for Our- rWater~-7 . By Jan Morley 
\ J 
. . 
All of us in Northern,Michigan owe Project CLEAR a vote of sure they'll be doing thkir to keep Burt Lake clean for a long 
, thanks. '1 , time to come. 
Most of you have probably h a r d  of the University of Michigan CLEAR students have been familiar faces at lake associatian 
program, which stands for Community Lake- ~nvi&nment meetings throughout tl& area. They've scheduled workshops and 
' 
Awareness and Research. Some..of you may have attended< presentations- describing lake protection strategies for Burt, 
Tuesday's EXPO '78 -an environmental conference sponsored by Crooked-Pickerel, & u g b  and Walloon Lakes. 
CLEAR students and "Clean Water Planners" from -the They have given a presentation on the value of wetlands 
Northeast and Northwest Michigan Councils of Government. But Emmet -County - to ~-the Emrnet County , Commission, and 
you might not h o w  how diligently CLEAR students have worked. they've met with the Chebygan County Wetlands Task Force to 
this summer t o  help all of us help ourselves in preserving and discuss andsuggestwetlands protection strategies. They've given 
protectmg the lakes and streams of the North. .. - a presentation on how to start a &enbelt at the County Extension 
To begin with, the CLEAR research team has been @&g offices . .  . . .  - 
ground water samples from a number of homes around Burt Lake Zn the past couple. of years; they've' &itten numerous pam- 
which use on-site septic systems The purpose of their efforts is to phlets and reports on profiles of area lakes, the importance of 
find a way'to see whether a septic sys& is doing its job of protecting wetlands, on. wastewater treatment alternatives, 
keeping polluting nutrients out of the lake. The researchers also ' septic system maintenance and other topics. 
want to be able to predict how septic systems work in different The people from Project. (SLEAR have garnered a wealth of 
types of soil, with different use patterns and at W e r e n t  ages. information for us to me -to keep our lakes clean, to protect our 
Members of the CLEAR cvmrnunieations stafE have 'worked wetlands, to plan wisely for future - p w t h  and development. It's 
with residents of Burt Lake to begin a water quality monitoring #ere for the asging. We'd do ourselves and our environment a 
and septic system- maintenance program. I heard Plymouth favor by paying attention to what they have to say. For pamphlets 
Beach resident Don Smith tell about the group septic system or answers your environmental questions, write to Project 
hiailtenance program, and if the other residents of the Plymouth C I ~ A R ,  University of Miclugan Biological Station, Pellston, 
Beach Association are half as enthusiastic as Don, you can be 49769, or call 616-539-8406. 
. . . , 
Must Plan Now to . 
Meet  Challenges 
As you wil l  note, much of today's editorial page is devoted to 
environmental problems - many of them due to continual growth 
of the area. . 
You'll also find, on page 11, several other stories pointing out 
efforts people are making to preserve resources that have helped 
make this a popular place to live and visit. 
The News-Review for years has advocated long-range pl-g 
and hard questioning on developments to make sure they are in 
the best interests. We have been covering many Eacets of this 
,PETOSKEY NEWS-REVIEW Thursday, August 17,1978-8 struggle and the work of planners, zoning boards, appeals boards, 
waste water treatment, solid waste problems, air and water 
pollution, energy, jobs, homes, business, highways, parking, 
school needs and the many other r+cations. 
Today we look at  some of the efforts volunteem and public 
agencies are doing here in preservipg resources and meeting 
people problems. Whether we, or you, like it or not, more and 
more people want to live here. We are told this wi l l  increase in the 
next decades. We'd better prepare for it and this takes advance 
planning, firm policies, restrictions and enforcement. To do less 
wil l  see people problems destroy the north as we know it and why 
so many of us love it. 
( c a u n ~ u ~ o  <<OM ' ' Z r ~ c * f i  
L x r o  5 ~ n e -  L u - .  GO 
the original Earth Day some 
years ago, and said the most 
important thing to remember 
today i s :  "Don't expect  
someone else to do the  
morutoring of our environment. 
Do it yourself!" He went on to 
say  t h a t  lake associat ions 
should work closely with 
township and county govern- 
ments for, after all, "we a r e  all 
on the outside fringes of the 
political groups." -. 
After a lunch break p& 
ticipants were given choices of 
three sets of workshops, set up 
at  one hour intervals, so each 
individual could a t t end  a s  
many sessions a s  possible. 
Sessions covered included: 
greenbel ts ,  wa te r  qual i ty  
m o n i t o r i n g ,  w e t l a n d s  
protection, wetland field trips, 
lake association effectiveness, 
a l t e rna te  wastewater  t r e a t -  
ment ,  zoning and Pro jec t  
CLEAR Findings. 
There were dsplays covering 
algae control, swimmer's itch 
and water quality analysis. 
A significant thing to come 
out of the work that has been 
going on at the U of M 
Biological Station is a resource 
&rectory. According to Dr. 
G m o n ,  it is the "biblell by 
rvhch lake associations, lake. 
shore property owners and 
government officiah can find 
out who, what and where to go 
for help. The Resource 
Directory is available at  the 
biological s ta t ion and will 
reduce confusion generated by 
the  different environmental  
agencies. 
DR. JOHN CANNON (nght), llmnolog~st from tbe State Unlverslty of New York 
discusses water qualrty problems w ~ t h  C.E Trout, secretary of the H~gglns Cake 




B u i l d i n g  upon t h e  accomplishments  of  p r e v i o u s  r e s e a r c h  p rog r&s  a t  t h e  U n i v e r s i t y  o f  
Michigan B i o l o g i c a l  S t a t i o n ,  P r o j e c t  CLEAR 1978 w i l l  r e s e a r c h  and promote p u b l i c  
awareness  of  t h r e e  i n l a n d  l a k e  p r o t e c t i o n  t o o l s :  e f f e c t i v e  o n - s i t e  was t ewa te r  t r e a t -  
ment ,  we t l ands  p r o t e c t i o n ,  and g r e e n b e l t i n g ,  P r i m a r i l y  a  s t u d e n t  e f f o r t ,  t h e  
P r o j e c t  i s  funded through t h e  N a t i o n a l  Sc i ence  and t h e  Kennedy Founda t ions ,  
Research 
T e s t i n g  and comparing newly des igned  and e x i s t i n g  ground w a t e r  sampl ing  t e c h n i q u e s  
Sampling and a n a l y z i n g  groundwater  nea r  o n - s i t e  s e p t i c  sys tems around B u r t  Lake 
A s s e s s i n g  t h e  r e l a t i o n s h i p  between ground wa te r  n u t r i e n t  f l ow i n t c  Bur t  Lake 
and c h a r a c t e r i s t i c s  of  s h o r e l i n e  home s i t e s  ( s o i l ,  v e g e t a t i o n ,  s l o p e ,  and age  o f  t h e  
s e p t i c  system) 
Publications 
A manual on ground wa te r  s a n p l i n g / s e p t i c  sys tem m o n i t o r i n g  t e c h n i q u e s  f o r  
s a n i t a r i a n s ,  s e p t i c  sys tem i n s t a l l e r s ,  and community l e a d e r s  
I n f o r m a t i o n  packages f o r  l a k e s h o r e  r e s i d e n t s  on s e p t i c  sys t ems ,  w e t l a n d s ,  w a t e r  
q u a l i t y  m o n i t o r i n g ,  and g r e e n b e l t s  (Greenbe l t s  a r e  p r o t e c t i v e  b u f f e r s  o f  v e g e t a t i o n  
t h a t  e n c i r c l e  t h e  s h o r e l i n e  of i n l a n d  l a k e s , )  
S e v e r a l  s h o r t  b o o k l e t s  on p a r t i c u l a r  l a k e s  t h a t  i n c l u d e  b i o l o g i c a l  i n f o r m a t i o n ,  
n a t u r a l  h i s t o r y ,  and w a t e r  r e s o u r c e  a t t i t u d e s  o f  l a k e  r e s i d e n t s ,  
A f i n a l  r e p o r t  t o  t h e  N a t i o n a l  Sc i ence  Foundat ion  
Workshops and Presentat ions 
Sllde-showa on l a k e  ecology and i n l a n d - l a k e  p r o t e c t i o n  s t r a t e g i e s  
P r e s e n t a t i o n s  and d i s c u s s i o n s  w i t h  t o w ~ l s h i p  and coun ty  p l a n n e r s  abou t  we t l ands  p r o -  
t e c t i o n  and model zoning o r d i n a n c e s  ( h e l d  i n  c o n j u n c t i o n  w i t h  l o c a l  l a k e  a s s o c i a t i o n s )  
Workshops and mee t ings  w i t h  l o c a l  s a n i t a r i a n s  abou t  ou r  r e s e a r c h  p r o j e c t ,  s e p t i c  
sys tem mon i to r ing ,  and a l t e r n a t i v e  o n - s i t s  was tewater  t r e a t m e n t  methods 
Workshops f o r  t h e  r e s i d e n t s  of  s t u d y  s i t e s  on Bur t  Lake 
A workshop f o r  l a k e  a s s o c i a t i o n  o f f i c i a l s  from t h e  r e g i o n  abou t  what t hey  
can do t o  f a c i l i t a t e  l a k e  p r o t e c t i o n  
Environmental Education 
Radio s p o t s  and newspaper a r t i c l e s  e x p l a i n i n g  what r e s i d e n t s  can  do t o  r educe  
t h e i r  impact on l ake -wa te r  q u a l i t y  
Shor t  t e l e v i s i o n  b r o a d c a s t s  on env i ronmen ta l  t o p i c s  o f  i n t e r e s t  t o  l a k e  r e s i d e n t s  
University of Michigan Biological S ta t  ion, Peliston M I  49769, 6161539 - 8406 

Appendix 4 
Moni tor ing  Techniques f o r  On-Si te  
Wastewater Treatment  Systems 

MONITORING TECHNIQUES FOR ON-SITE WASTEWATER TREATMENT SYSTEMS 
On Monday, August 1 4 ,  a  c o n f e r e n c e  on Moni to r ing  
Techniques f o r  O n - s i t e  Wastewater  Treatment  Systems was h e l d  
a t  t h e  U n i v e r s i t y  o f  Michigan B i o l o g i c a l  S t a t i o n .  The p u r p o s e  
of t h e  c o n f e r e n c e  was t o  e x p l o r e  methods f o r  e v a l u a t i n g  s e p t i c  
system performance and t o  d e f i n e  t h e  r o l e  of  s e p t i c  sys tem 
moni to r ing  i n  t h e  w a s t e w a t e r  management p l a n n i n g  p r o c e s s .  
The f o l l o w i n g  a g e n c i e s  were r e p r e s e n t e d  a t  t h e  Conference :  
D i s t r i c t  H e a l t h  Department  #1 - Lake C i t y ,  Michigan 
D i s t r i c t  H e a l t h  Department  # 2  - Oscoda,  Michigan 
D i s t r i c t  H e a l t h  Department # 3  - C h a r l e v o i x ;  P e t o s k e y ,  Michigan 
D i s t r i c t  H e a l t h  Department # 4  - Alpena;  Cheboygan; Rogers 
C i t y ,  Michigan 
Tr i -County  H e a l t h  Department - Beulah ,  Michigan 
Michigan Department o f  P u b l i c  H e a l t h  - Lans ing ,  Michigan 
Michigan Department o f  N a t u r a l  Resources  - Lans ing ,  Michigan 
Environmental  Photo I n t e r p r e t a t i o n  Center/EPA - Warren ton ,  VA 
N o r t h e a s t  Michigan Counci l  of Governments - Gaylord ,  MI 
Northwest Michigan Reg iona l  P lann ing  And Development Com- 
m i s s i o n  - T r a v e r s e  C i t y ,  Michigan 
S t a t e  U n i v e r s i t y  of New York - Oswego, New York 
U n i v e r s i t y  of  Michigan B i o l o g i c a l  S t a t i o n  - P e l l s t o n ,  M I  
Huron Rive r  Wate r shedcounc i l  - Ann Arbor ,  Michigan 
The moni to r ing  methods and t h e  p e r t i n e n t  p o i n t s  o f  t h e  
d i s c u s s i o n  a r e  summarized h e r e .  I n f o r m a t i o n  i s  o r g a n i z e d  under  
t h e  f o l l o w i n g  t o p i c s :  
* O n - s i t e  Moni to r ing  Methods 
*Role of S e p t i c  System Moni tor ing  i n  201 F a c i l i t i e s  P l a n s  
* S e p t i c  S)-stem Moni tor ing  a t  t h e  Local  Level  
" O n - s i t e  Moni tor ing  blethods 
C , ? m r ? u l z i t ; i  S e r t i c  St is  te17 S u ~ ~ v e y  
The r e s u l t s  of  a  community s e p t i c  sys tem s u r v e y  conducted  
i n  B o l i n a s ,  C a l i f o r n i a  were p r e s e n t e d  by P r o j e c t  C L E A R ,  UJIBS. 
The B o l i n a s  s u r v e y  was u n d e r t a k e n  a s  a  c o o p e r a t i v e  e f f o r t  by  
t h e  r e s i d e n t s  o f  B o l i n a s  and t h e  B o l i n a s  County P u b l i c  U t i l i t i e s  
D i s t r i c t  u n d e r  t h e  d i r e c t i o n  o f  a wa te r shed  c o n s u l - t i n g  f i r m .  
An e i g h t  p e r s o n  S e p t i c  System Survey team v i s i t e d  3 7 0  homes, 
i d e n t i f i e d  f a i l i n g  and problem s y s t e m s ,  i n v e s t i g a t e d  w a t e r  u s e  
p a t t e r n s ,  and g a t h e r e d  i n f o r m a t  ion  on t h e  a g e ,  d e s i g n ,  l o e a t i o n ,  
and h i s t o r y  o f  r e p a i r  on t h e  s e p t i c  sys tem.  A S o i l s  and Dra inage  
team i n v e s t i g a t e d  and mapped t h e  env i ronmenta l  f e a t u r e s  o f  
B o l i n a s  t h a t  i n f l u e n c e  s e p t i c  system pe r fo rmance .  When a  
f a u l t y  sys t em was i d e n t i f i e d ,  t h e  c a u s e  of  t h e  problem was 
d e t e r m i n e d  and c o r r e c t i v e  measures  were t a k e n .  N i n e t y - e i g h t  
p e r c e n t  of  t h e  r e s i d e n t s  c o o p e r a t e d  i n  t h e  s u r v e y ,  and 6 9  of  7 4  
problem sys tems  were f i x e d .  Three  f o u r t h s  o f  t h o s e  sys t ems  
r e q u i r e d  o n l y  s i m p l e  ma in tenance  o r  minor r e p a i r .  Cos ts  f o r  
t e n  y e a r  ma in tenance  and up g r a d i n g  of  o n - s i t e  sys t ems  were 
p r o j e c t e d  from s u r v e y  d a t a .  
The g r e a t  s u c c e s s  o f  t h e  B o l i n a s  s t u d y  was a t t r i b u t e d  t o  
t h e  emphasis  p l a c e d  .on community e d u c a t i o n  and involvement  
t h r o u g h o u t  t h e  s u r v e y .  
A e ~ i a l  Photography 
Confe rees  were  t r e a t e d  t o  t h e  p r e m i e r  showing o f  a e r i a l  
p h o t o  imagery from p i l o t  s t u d i e s  of  s e p t i c  sys t em m o n i t o r i n g  
th rough  remote  s e n s i n g .  Bar ry  Evans of  t h e  Env i ronmenta l  
Photo  I n t e r p r e t a t i o n  C e n t e r  (EPIC) of EPA s t a t e d  t h a t  t h e  
a e r i a l  i n f r a - r e d  and c o l o r  imagery from t h e  i n i t i a l  f l i g h t s  
had proven t o  be  an e x t r e m e l y  a c c u r a t e  and e f f i c i e n t  method 
f o r  d e t e c t i n g  d r a i n f i e l d s  w i t h  d r a i n a g e  problems.  I n  a r e a s  
o f  heavy t r e e  c o v e r  o r  where o n s i t e  t r e a t m e n t  problems were caused  
100 
by e x c e s s i v e  p e r c o l a t i o n  r a t e s  t h e  u s e  o f  a e r i a l  p h o t o s  was 
somewhat l i m i t e d .  
A e r i a l  p h o t o  moni to r ing  of  s e p t i c  sys t ems  has  been s l a t e d  
f o r  u s e  i n  t h e  Envi ronmenta l  Impact Assessment p r o c e s s  under  
way on C r o o k e d - P i c k e r e l ,  C r y s t a l ,  and f i v e  o t h e r  l a k e s  w i t h i n  EPA 
Region V where was tewa te r  management p l a n s  a r e  b e i n g  developed.  
M r .  Evans i n d i c a t e d  t h a t  t h e  EPA might  be  w i l l i n g  t o  c o o r d i n a t e  
f l i g h t s  and p h o t o  i n t e r p r e t a t i o n  e f f o r t s  i n  o t h e r  a r e a s  of  
n o r t h e r n  Michigan.  Ques t ions  c o n c e r n i n g  t h e  u s e  of  a e r i a l  
photography f o r  s e p t i c  sys tem m o n i t o r i n g  may b e  a d d r e s s e d  t o :  
M r .  Ba r ry  Evans 
EPIC/EPA 
V i n t  H i l l  D r .  
Warrenton,  V i r g i n i a  22186 
D y e  T e s t s  
The u s e  o f  f l u o r e s c e n t  dye t r a c e r s  a s  a  method f o r  
d e t e c t i n g . f a i 1 i n g  s e p t i c  sys tems was reviewed by P r o j e c t  CLEAR. 
P h y s i c a l  and chemica l  p r o p e r t i e s  of  t h e  common dyes  were d i s c u s s e d .  
Rhodamine W.T. (Adu Pont  t r a d e  name. The same dye i s  a v a i l a b l e  
through o t h e r  companies under  o t h e r  names) was recommended 
f o r  s e p t i c  sys t em m o n i t o r i n g  because  of  i t s  low a d s o r p t i o n  
p o t e n t i a l  i n  s o i l s  and i t s  r e s i s t a n c e  t o  pho tochemica l  decay .  
F luoromete r s  c o u l d  be used  w i t h  t h e  dyes  t o  p r o v i d e  much 
g r e a t e r  s e n s i t i v i t y  i n  dye d e t e c t i o n .  Groundwater s t u d i e s  
u s i n g  f l u o r e s c e n t  dyes  cou ld  be used  t o  d e t e r m i n e . t h e  r a t e  and 
d i r e c t i o n  of  groundwater  movement around t h e  s e p t i c  f i e l d .  
I n f o r m a t i o n  on dyes  and t h e  u s e  o f  f l u o r o m e t e r s  can  be a d d r e s s e d  
t o :  Turner  A s s o c i a t e s  
2 5 2 4  Pu lgas  Avenue 
P a l o  A l t o ,  C a l i f o r n i a  94302 
E . I .  du Pont  d e  Nemours E Company 
Dyes and Chemicals* D i v i s i o n  
Wilmington,  Delaware 19898 
A l g a l  S u r v e y  
Tom Weaver o f  t h e  Northwest  Reg iona l  P l a n n i n g  and Development 
Commission (NWRPDC) p r e s e n t e d  p r e l i m i n a r y  f i n d i n g s  o f  a  
c l a d o p h o r a  s u r v e y  of Lake Leelanau .  Cladophora i s  an e a s i l y  
r e c o g n i z e d  a t t a c h e d  macroscop ic  a l g a e  which f I o u r i s h e s  i n  
r e p o n s e  t o  e x c e s s i v e  n u t r i e n t  i n f l o w s  from f e r t i l i z e d  lawns 
o r  s e p t i c  s y s t e m s .  A h i g h  c o r r e l a t i o n  was found between n e g l e c t e d  
s e p t i c  s y s t e m s  and t h e  p r e s e n c e  of c l a d o p h o r a  ( 7 2 %  o f  t h o s e  
s i t e s  w i t h  s e v e r e  problems had n e v e r  pumped t h e i r  s e p t i c  t a n k ) .  
Cladophora  was seldom found where s e p t i c  sys t ems  had been 
p r o p e r l y  m a i n t a i n e d  o r  where g r e e n b e l t s  e x i s t e d  between t h e  
lawn ,and  t h e  l a k e .  Two s u r v e y o r s  covered  30 m i l e s  of t h e  
s h o r e l i n e  of  Lake Leelanau  i n  two and one h a l f  d a y s .  A l i m i t a t i o n  
of t h e  A l g a l  Survey  i s  t h a t  c l a d o p h o r a  w i l l  o n l y  grow where 
t h e r e  i s  a  rocky  s h o r e l i n e .  
For  f u r t h e r  i n f o r m a t i o n  c o n t a c t :  
Northwest  Michigan Regional  P l a n n i n g  
and Development Commiss ion  
2334 Aero Pa rk  Court  
T r a v e r s e  C i t y ,  Michigan 49684 
; i ~ o > n d ~ . o - s r  S0Tr3li?72 
A method f o r  c o l l e c t i n g  groundwater  samples  i n  o r d e r  t o  
d e t e c t  phosphorus  l o a d i n g  from s e p t i c  sys t ems  was d e s c r i b e d  by 
P r o j e c t  CLEAR.  A t e n s i o n  l y s i m e t e r  u s i n g  a  po rous  c e r a m i c  cup 
a t t a c h e d  t o  a  PVC t u b e  can  s u s t a i n  a  vacuum and draw groundwater  
samples  from m o i s t  and wet s o i l s .  The l y s i m e t e r  approach  t o  
s i t e  m o n i t o r i n g  was deve loped  a s  p a r t  of a  r e s e a r c h  p r o j e c t  
1 0 2  
conducted  a t  t h e  B i o l o g i c a l  S t a t i o n . .  Groundwater phosphorus  
c o n c e n t r a t i o n s  o f  g r e a t e r  t h a n  1000ppb-P i n d i c a t e d  s i g n i f i c a n t  
phosphorus con tamina t ion , .  P o r t a b l e  1 . a b o r a t o r i e s  from t h e  Hach 
company p r o v i d e  an immediate and a f f o r d a b l e  means f o r  sample 
a n a l y s i s .  
A r e p o r t  on t e n s i o n  l y s i m e t e r s  and t h e  r e s u l t s  o f  B i o l o g i c a l  
S t a t i o n  r e s e a r c h  w i l l  be  a v a i l a b l e  t h i s  f a l l .  For  more i n f o r m a t i o n  
w r i t e :  P r o  j e c t  CLEAR 
U n i v e r s i t y  o f  Michigan 
B i o l o g i c a l  S t a t i o n  
4053 N a t u r a l  Sc ience  
Ann Arbor ,  MI 48109 
T h e  Role o f  S e p t i c  System Moni tor ing  i n  201 F a c i l i t i e s  P l a n s  
D r .  Randy F r y k b e r g ,  Water Q u a l i t y  D i r e c t o r  o f  N o r t h e a s t  
Michigan Counci l  of  Governments (NEMCOG) o u t l i n e d  r e c e n t  p o l i c y  
changes i n  S e c t i o n  201 o f  t h e  Clean Water Ac t .  F e d e r a l  f u n d i n g  
i s  now a v a i l a b l e  f o r  was tewa te r  p l a n n i n g  and c o n s t r u c t i o n  t h a t  
i n c l u d e  up-graded  and improved o n - s i t e  was tewa te r  d i s p o s a l  
methods.  A r t h u r  Gold, of  t h e  U n i v e r s i t y  o f  Michigan B i o l o g i c a l  
S t a t i o n ,  ag reed  t h a t  t h e  r e v i s e d  fund ing  p o l i c y  was an i m p o r t a n t  
s t e p  i n  t h e  r i g h t  d i r e c t i o n ,  b u t  s t a t e d  t h a t  t h e  Envi ronmenta l  
Impact S ta t emen t  (EIS) b e i n g  p r e p a r e d  on a l t e r n a t i v e  w a s t e w a t e r  
p l a n s  f o r  Crooked-P icke re l  Lakes was t h u s  f a r  i n a d e q u a t e .  
I n s u f f i c i e n t  d a t a  on t h e  s t a t u s  o f  l a k e s h o r e  o n - s i t e  w a s t e w a t e r  
d i s p o s a l  sys tems and on t h e  envi ronmenta l  f e a t u r e s  of  t h e  
r e g i o n  r e s u l t e d  i n  u n r e a l i s t i c  a l t e r n a t i v e s  t h a t  cou ld  
j e p o r d i z e  w e t l a n d s  and f o s t e r  a c c e l e r a t e d  growth .  A concensus  
was reached on t h e  f o l l o w i n g  p o i n t s :  
Documentat ion of  t h e  s o u r c e  and magn i tude  o f  e x i s t i n g  
o n - s i t e  problems must be i n c l u d e d  a s  p a r t  o f  t h e  201 
f a c i l i t i e s  p l a n n i n g  p r o c e s s .  
S e p t i c  sys t em s u r v e y s ,  a l g a l  s u r v e y s ,  and d y e ,  ground-  
w a t e r ,  and a e r i a l  pho to  methods d i s c u s s e d  a t  t h e  con-  
f e r e n c e  a l l  had m e r i t  a s  p a r t  of  an o v e r a l l  approach  t o  
s e p t i c  sys tem m o n i t o r i n g .  
P r e p a r a t i o n  o f  E I S ' s  should  i n c l u d e  i n p u t  from l o c a l  
m u n i c i p a l i t i e s  and s a n i t a t i o n  e x p e r t s  a t  an e a r l y  s t a g e  
i n  t h e  p l a n n i n g  p r o c e s s .  
* S e p t i c  System Moni to r ing  on t h e  Loca l  Leve l  
The p o i n t  was made t h a t  l a k e  a s s o c i a t i o n s  and o t h e r  groups  
i n t e r e s t e d  i n  a s s e s s i n g  o n - s i t e  w a s t e w a t e r  problems may wish  
t o  c a r r y  o u t  s e p t i c  sys t em m o n i t o r i n g  programs w i t h o u t  a p p l y i n g  
f o r  201 f a c i l i t i e s  g r a n t s .  S e p t i c  sys tem s u r v e y s  and a l g a l  
s u r v e y s  cou ld  meet  t h i s  need a s  t h e y  r e q u i r e  no s p e c i a l  
equipment  and l i m i t e d  t e c h n i c a l  a s s i s t a n c e  t o  c o n d u c t .  More 
d e t a i l e d  i n v e s t i g a t i o n s  would r e q u i r e  a s i g n i f i c a n t  inves tmen t  
i n  s p e c i a l  equipment a n d . . t e c h n i c a l  d i r e c t i o n .  The r o l e  t h a t  
H e a l t h  Depar tments  might  assume i n  such  a  program was n o t  
r e s o l v e d  and w i l l  r e q u i r e  f u r t h e r  d i s c u s s i o n .  Bob Koch, of  
N E M C O G ,  i n t r o d u c e d  t h e  i d e a  of  i n i t i a t i n g  a  " l a k e  t e c h n i c i a n "  
program.  Working w i t h  a  l a r g e  l a k e  o r  s e v e r a l  s m a l l e r  l a k e s  
w i t h i n  a  w a t e r s h e d ,  t h e  l a k e  t e c h n i c i a n  would p r o v i d e  t h e  
e x p e r t i s e  needed t o  a s s i s t  l a k e  r e s i d e n t s  i n  water  q u a l i t y  p r o -  
t e c t i o n  e f f o r t s  such  a s  s e p t i c  system m o n i t o r i n g .  The 
q u a l i f i c a t i o n s  f o r  a  l a k e  t e c h n i c i a n  would i n c l u d e :  
Background i n  l imnology 
F a m i l i a r i t y  w i t h  o n - s i t e  w a s t e w a t e r  sys t ems  
I n t e r e s t  i n  working w i t h  l a k e s h o r e  communit ies  
and l o c a l  government a g e n c i e s  
The s u g g e s t i o n  was made t h a t  t h e  l a k e  t e c h n i c i a n  shou ld  r e c e i v e  
some t y p e  o f  t r a i n i n g  from t h e  D i s t r i c t  H e a l t h  Department of 
t h e  a r e a .  
M r .  Koch s a i d  t h a t  NEMCOG w i l l  submit  a  g r a n t  p r o p o s a l  
t o  fund such  a  program i n  t h e  n e a r  f u t u r e .  
Cone Z u s i o n s  
Conferees  emphasized t h a t  c o n t i n u e d  r e s e a r c h  and wide r  
a p p l i c a t i o n  of  o n - s i t e  w a s t e w a t e r  m o n i t o r i n g  methods a r e  
n e c e s s a r y  i f  t h e  was tewa te r  management needs  o f  n o r t h e r n  
Michigan a r e  t o  be met.  I t  was ag reed  t h a t  a summary o f  t h e  
c o n f e r e n c e  shou ld  be s e n t  t o  t h o s e  p r i v a t e  i n t e r e s t s  and s t a t e  
and f e d e r a l  u n i t s  o f  government i n v o l v e d  i n  t h e  w a s t e w a t e r  
management p l a n n i n g  p r o c e s s .  
For f u r t h e r  i n f o r m a t i o n  on 
t h e  c o n f e r e n c e . . c o n t a c t :  
Mike T i l c h i n  
The U n i v e r s i t y  o f  Michigan 
B i o l o g i c a l  S t a t i o n  
4 0 5 3  N a t u r a l  S c i e n c e  
Ann Arbor ,  Michigan 48109 

Appendix 5 
P u b l i c a t i o n s  
P r o j e c t  CLEAR.  1 9 7 8 .  Environmental.  Educat ion  Pamphlets :  
"Sep t i c  System Maintenance" 
"Water Q u a l i t y  ? l o n i t o r i n g W  
"Greenbel t s"  
"Zoning" 
U n i v e r s i t y  of Michigan 
B i o l o g i c a l  S t a t i o n  




Public Health Educator 
District He'lllh Department No .  3 
435 Lake St. 
Petosltcy. b11 49770 
(for tlntrirn. Charlevoix, Ernmet. Otseyo counties) 
Public 1-lc?altl~ Educator 
Dis:rlct Health Department No. 4 
County Oliice Building 
719 Ct-iist~olin St. 
A!pana. bII 
(!or Ckebojlyzn. Presque Isle, Montmorency, 
Alpena counties) 
Also at your district hc.al:h department: 
Inlcnd Lake Pollution Problems: Septic Systems 
a n 3  VJastetvater Treatment Altern~tives (Lakeland 
Report s13) by the  University of Michigan 
Biological Station 
T1;k pamplilct produced through the efforts of 
Project CLEAR 1978 a! the Unlvsrs~:y of Michigzn 
5 ,o lo~ ica l  Srztlon, funded by the E!izabcth 
X e n r - ! . r d v a n d  w n a l  S W c c  F ~ u a . d a t i o ~ -  
Septic System Care - 
Why Bother? 
Many horncowners forget a b o u ~  their sei~tic system ; 
frorrr the tirne i t  is installt:d until it begins to have , 1 problems. Yet with regular septic system 
1 rnalntensncr: i 
the quality of the laltc cnvi~.onment can be I 
preserved. When a septic system is rnaintarrled and I 
' 
operates well. untreated u~astes are prevented from 
leaching into the groundwater and directly into the 
lakes. 
the life of the septic system can be lengthened, : 
saving the homeowner large repair and replace- 
ment costs. 
- :.-:" .. ' .  1 .- - -  .. . - - .._ *. . -:.-. . .. . . a : . .  . . Maintenance of septic syrtems has generally been . . -. . . - .  
considered an inclividuiil's responsibility, but the . . .  
lake pollution that results from failing systems 
affects the c o m n i u ~ ~ i t ) ~ .  Group septic system 
maintenance programs aye an effective strategy for 
limiting pol!ution from diffuse sources like septic 
sys!ems. Not only d o  group mainterlance 2rograrns 
increarp pub!ic swarener:; about septic system care Maintenance Progs2-rn 
and operation, but they also provide cost, time and 
energy saving advantages: 
small hilures are corrected th:ov.y!~ regular septic 
tank inspet-tion before the homeowner needs costly 
repairs. 
* rcduced group pump.rlg ratas. 
4 eligibility for federal gyants to improve on-site 
wastewater treatment. 
Cor.tsct the county sanitarian for detaiis on 
rnain:cnance programs artd a list of szptic tank 
pumpers in the local area. 
P r ~ r n o l e  Irz!er con;ervai:on among program 
par!iiipa!::s. i V i ~ r c . r  conscrvariori helps ssp:ic pcr- 
iormance because wasts freatment is nlore efii~ient 
under d:izr condir io~~s .  
0 h:;l:, ;lls loca!:on o! the septic skjizrn ~ n d  r-in- 
field. klapping the location of :he ilrL3!nfi~lS a\.oids 
simp!,. accicien~s like driving or plar1ri1:g t r a s  over 
I t ,  and al!ows ezsy access to rhe t;;:~!< ccv.?: ~lifr~ch 
can reduce inspection and panlping coslj If are cared for and not abused, Incrz; l jo  the success of the p : ~ g r l n  by rfiak;-g ;I 
may be our most cost-eifective and best engineered more v,s:ble and enjoyable through netus coveragi: 
on-site treatment facilities. o and p:c.ser.tations to other proper:y-owners a 
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